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ABSTRACT 
The thermal behavior of a 5-ton groundwater heat pump and the 
wood-frame house in which it is installed (located in Logan, Utah, 
latitude 44°41' No.; longitude 111 °49'; elevation 4775 ft.) were ~n­
vestigated during two 30 day peak use periods, the first in late summer 
and the second in mid-winter. 
Continuous measurements were taken of indoor and outdoor tempera-
tures, groundwater temperatures, supply and return air temperatures, 
gallons of groundwater cycled, and Btu rejected or absorbed. These 
measurements were used for 1) determining the instantaneous heat gains 
and/or heat losses of the house by conduction and infiltration for both 
periods studied and 2) computing the average coefficient of performance 
of the heat pump for both periods. Heat gains from solar radiation 
through the fenestrations were computed from radiation data obtained 
from a local meteorologist. 
The total heat gains and losses (by conduction, infiltration, solar 
radiation, and internal sources) for each test period, along with 
the heat removed or added to the living space by the heat pump, were 
integrated by computer calculation over each of the 30-day test periods. 
For the summer cooling test period the calculated heat gain exceeded 
heat loss by 14.6 percent. During the winter heating test period the 
heat loss exceeded heat gain by only 0.90 percent. Solar radiation 
during both periods made a significant contribution to the total heat 
gains. 
While the output of the he·at pump was 18.9 and 7.2 percent lower 
than the manufacturer's rating for cooling and heating, respectively, 
xiii 
the overall average coefficients of performance were 2.92 and 4.13 
for the same respective periods. These efficiencies make the system 
more economical than conventional heating and cooling systems presently 
in use in the Logan area. 
INTRODUCTION AND OBJECTIVES 
The versatility of water-to-air heat pumps, along with a growing 
concern for energy conservation, has led to their increased use in 
residential as well as industrial applications. They can be adapted 
to utilize waste heat from thermal effluents on a commercial scale 
or they may be interfaced with a solar assisted heating system for 
a residence [1,4,7,23]. The convenience of having one system that will 
both heat and cool an air-conditioned space also makes water-to-air heat 
pumps an attractive option in designing a home or business. 
In the application studied here, shallow groundwater with a two-
well system provides the heat source and sink for the heat pump. The 
heat pump is located in a residence in Logan, Utah. A previous study on 
the same system was done in 1980 by Kirk D. Hagan [11]. Hagen's study 
examined the thermal characteristics of the residence and the perfor-
mance of the heat pump in its heating mode during April and May. In 
Logan this represents a transition period. During this period only a 
minimal amount of heat is needed for the coldest parts of the day and on 
some days no heating at all is required. In this study an extensive 
thermal analysis of the same residence was undertaken during two 30-day 
peak-use periods: cooling in August and September and heating in 
Jan~ary and February. 
The methods employed are similar to Hagen's with several notable 
advances. The total heat gains and heat losses were determined by a 
quasi-time dependent heat transfer analysis. Continuous measurements 
of air and water temperatures relevant to heat transfer calculations 
• 
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were taken to provide necessary data. Solar heat gains through the 
fenestrations were computed from solar radiation on a horizontal 
surface converted to solar radiation on vertical windows. Solar 
radiation was taken by a local meteorologist and integrated over 
half-hour intervals. Actual solar data were used instead of estimated 
values as in Hagen's work. AdditionallYt solar gains through the walls 
were examined. Heat gains due to appliances, people t and lighting 
were estimated. Infiltrat.ion heat gains and losses were estimated 
using the air change method. 
Another objective of this study was to examine the thermal perfor-
mance of the groundwater heat pump. Computations of the cooling and 
heating outputs and t~e coefficients of performance (COp) for the 
respective cooling and heating periods indicate the efficiency of the 
heat pump. These data can be compared with the values claimed by the 
manufacturer and with other types of heating systems. 
FinallYt using the data obtained and the corresponding computation t 
comparisons and predictions can be made. With results of this report 
and with Hagen's results, predictions can made for seasonal coefficients 
of performance. Of interest, tOOt are comparisons between a groundwater 
heat pump system in Logan with other geographical locations. 
Summarizing, the objectives and purpose of this report are to: 
1. Calculate the instantaneous heat gains to and heat losses from 
the home for a 30-day peak cooling period and a 30-day heat ing 
period. A method of steady-state conduction using measured hourly 
interior and exterior air temperatures was employed. 
2. Examine the effect of solar irradiation of the walls on the cooling 
and heating loads. 
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3. Calculate the instantaneous heat gains due to solar radiation 
through the fenestrations and estimate their impact on the cooling 
and heating loads. 
4. Measure the cooling and heating outputs of the heat pump over 
each of the two cooling and heating periods. 
5. Calculate the average coefficients of performance for the heat pump 
during the two high use periods. 
6. Compare the resul ts obtained for the peak cooling period, the 
peak heating period, and the transition period tested by Hagen. 
7. Predict seasonal coefficients of performance using the results 
obtained in this study and those obtained by Hagen and then compare 
them wi th other pub lished values for di Herent geographical loca-
tions throughout the United States. 
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REVIEW OF LITERATURE 
In this report several specialized areas of the heating, venti-
lating, and air conditioning field were be considered. Abundant 
writings on methods for calculating heat losses and heat gains are 
available. The number of writings on residential heat pumps are also 
considerable, although most of the information on water-to-air heat 
pumps, using groundwater as a source in particular, is quite recent. 
This report, though independent and self-sufficient, is in essence 
a continuation of the study conducted by Hagen [11]. Therefore, it 
would be redundant to cover those topics already examin2d thoroughly. 
This chapter includes a brief review of Hagen's literature' study which 
was divided into three sections: experimental investigations, heat 
'-."-,,-
transfer calculations for buildings, and heat pump theory and operation. 
Additions to these sections are made as necessary, notably on cooling 
load calculations with respect to heat transfer.' Also included is a 
survey of studies done on residential heat pump systems, including 
Hagen's, paying most attention to the average coefficients of perfor-
mance or seasonal performance factors obtained in those works for the 
sake of comparison with the results of this study. 
Summary of Related Studies 
Previous experimental studies on time-dependent heat transfer 
in small structures (e.g. residences) have been numerous. Hagen [11] 
examined five different studies, each of which had an insight into a 
particular facet of heat transfer analysis. First, a study of Peavy, 
Powell, and Burch [20] examined a 20 x 20 x 10 foot masonary building 
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located inside a large environmental enclosure. Measured-heating loads 
in the building were compared with calculated loads. The significant 
result was that steady-state methods of computing heating loads could 
result in as high as 30 percent oversizing 6f equipment. Inclusion of 
variable air temperatures, solar radiation, and mass thermal storage 
characteristics of the building in the analysis is necessary. Another 
similar study by Peavy, Burch, Powell and Hunt [19] included the effects 
of internal heat gains resulting from appliances, lights, and occupants. 
Additionally, Arens and Carroll [2] examined the effectiveness of using 
the degree day method for predicting heating and cooling requirements. 
Their study found the 65 F base temperature less than accurate and 
resulted in correction factors recommended by ASHRAE [3] when using the 
degree day method for fuel requirement calculations. 
In the fourth study chosen by Hagen, Kelly and Bean [14] examined 
an air-to-air heat pump installed in a 2500 square foot house. Relevant 
results showed that operating with a partial load adversely affected the 
heat pump's performance. A heating and cooling load factor of 0.30 
reduced the COP to 94 and 82 percent of the measured steady state COP 
for heating and cooling, respectively. The final experimental investi-
gation considered by Hagen involved a heat pump utilizing" thermal 
effluent as a heat source. Sector's [23] conclusions imply that heat 
pumps operate most efficiently and economically within a narrow range of 
operating conditions. When supply and source temperatures did not 
fluctuate significantly, the heat pump operated best. Sector obtained 
an average COP of 3.83 from his series of tests. 
Calculating heat losses and heat gains for buildings using a steady 
state approach involves a simple formula 
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q = UAt1T (1) 
Here U is the overall heat transfer coefficient, A is the total sur-
face area considered, and t1T is the difference between the inside and 
outside air temperatures. This equation is duscussed in Threlkeld 
[25], Mcquiston and Parker [17], and Holman [12] and its application 
in typical situations is explained. Generally values for U are taken 
from the ASHRAE Fundamentals Handbook [3] for typical building com-
ponents, such as most common walls and roofs, windows, doors, and 
basement walls and floors. 
Steady-state analysis ~s usually quite deficient in predicting 
actual thermal behavior. Most factors relevant to heat transfer do 
in fact, vary over time or are non-steady. Outdoor air temperatures 
[25], solar radiation on walls and through fenestrations [17], wind 
[12], and internal gains [17] all influence the overall heat transfer 
characteristics of a building and all exhibit variations with time. 
It is obvious heat transfer calculations for a building must be time-
dependent. Hagen [11] reported on the solving of the one dimensional 
equation for heat conduction, 
(2) 
being subject to two non-steady boundary conditions and a given set 
of initial conditions by var~ous authors and the evolution of the 
transfer functions. Hagen also mentions instantaneous heat gains 
caused by solar radiation. 
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More applicable, though, to cooling load calculation is the CLTD 
method described in the ASHRAE 1977 Fundamentals Handbook [3]. This 
method was developed by Rudoy and Duran [22] to eliminate descre-
pancies between the TETD method (used in the ASHRAE 1972 Fundamentals 
Handbook) and the transfer function techniques. This new method is 
based on the transfer functions but is oriented to manual calculations. 
Also, the CLF method, as it is called in Rudoy, includes the effects of 
time lag on the cooling load due to mass thermal storage. 
Coefficients of Performance 
Before looking at a comparison of coefficients of performance 
from various studies, a brief description of a heat pump's operation 
1.S in order. 
. -
Collie [6] describes a heat pump as: 
... a thermodynamic device that operates 1.n a cycle that 
requires work and that accomplishes the objective of trans-
ferring heat from a low-temperature body to a high-tempera-
ture body. The heat pump cycle is identical to a refrigera-
tion cycle in principle but is different in that the primary 
purpose of the heat pump is to supply heat rather than remove 
it from an enclosed space. (p. 3) 
Of course, many heat pumps used today in residential applications are 
designed to be used as both central space heating and cooling systems. 
The four basic components of a heat pump: the compressor, the 
condenser, the expansion device, and the evaporator are diagrammed 
in Figure 1. The heat pump cycle is identical to the conventional 
vapor-compression refrigeration cycle shown graphically in Figure 2. 
Collie [6] describes the heat pump cycle as follows: 
The compressor takes superheated refrigerant vapor with 
low pressure and temperature at state 1 and compresses it to 
a much higher pressure and temperature at state 2. The high 
State 3 
Expansion 
Device 
State 4 
Condensor 
Evaporator 
Figure 1. Basic heat pump components. 
~~--------~~ __ 2 
p T 
Figure 2. Heat pump thermodynamic cycle. 
State 2 
Compressor 
14----w 
State I 
S 
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pressure, high temperature gas is then passed through the 
condenser where it gives up heat to the high temperature 
environment, and changes from vapor to liquid at high pres-
sure. The refrigerant exits from the condenser usually as 
a subcooled liquid at state 3. Next, the refrigerant passes 
through an expansion device where it drops in pressure. This 
drop in pressure is accompanied by a drop in temperature such 
that the refrigerant leaves the expansion device and enters 
the evaporator as a low pressure, low temperature mixture of 
liquid and vapor at state 4. Finally, the refrigerant passes 
through the evaporator, where it picks up heat from the low 
temperature environment, changing to all vapor and exiting 
at state 1. (p. 15) 
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In the heating mode a heat pump's space heating coil is represented by 
the condenser. In the cooling mode the space cooling coil is repre-
sented in the schematic of Figure 1 by the evaporator. 
A simple energy balance on the system in Figure 1 gives: 
(3) 
where QH is the heat rejected into the high temperature region, QL 
" 
~s the heat energy taken from the low temperature region, and W ~s the 
work energy required to move the quantity of heat, QL. from the low 
temperature region, TL, to the high temperature region, TH. 
A heat pump's efficiency or performance is measured in a 
number commonly called the coefficient of performance (COP). The 
COP of a heat pump in the heating mode ~s: 
or 
COP 
COP 
Q 
= 1+-.1. w 
(4) 
(5 ) 
A heat pump ~s a. reversible heat engine; therefore, it ~s limited by 
the Carnot cycle COP [26 ] 
COP 
TH 1 (6) = = Carnot TH- TL TL 1--
TH 
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Actual values for the COP will be substantially lower than those for 
the Carnot cycle. Any real heat transfer system must have finite 
temperature differences across the heat exchangers and the compressor 
efficiency flow losses and real working fluid properties must be 
taken into account in figuring an actual COP. Also the energy con-
sumed by fans and/or pumps used in a practical heat pump system must 
be added on to the work energy of Equation 5 further lowering the 
COP. 
or 
In the cooling mode, the heat pump COP ~s 
COP 
QL COP = W 
QH 
= - - 1 W 
and the ideal or Carnot cycle COP is: 
COP Carnot 
TL 
=--=-
TH - TL 
1 
= 
In many publications and by most manufacturers the cooling 
(7) 
(8) 
(9 ) 
performance of a heat pump is often described by an energy efficiency 
ratio (EER) rather than a COP. The EER is defined as: 
EER = (Btu/hr) heat rejection 
(Watts) work input 
QL(Btu/hr) 
== .....;;;;;...>....:'--""-~'-
W (Watts) 
This number may be converted to a COP as follows: 
EER = 3.413 (COp Ii ) coo ng 
where 3.413 is the conversion factor between watts and Btu/hr. 
Also many publications now use a seasonal performance factor 
(10) 
(11) 
(SPF) to describe a heat pump's performance over the entire seasonal 
use period. The SPF is basically a COP averaged over the season in 
question. 
Investigations into heat pump performance have been numerous. 
A sampling of studies done on various types of heat pumps follows. 
Nicolich [18] considered an 1800 sq. ft. wood frame residence 
located in central New Jersey. The residence was fitted originally 
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as a total electric home with an electric resistance furnace and forced 
air distribution. The house was later refitted with an air-to-air heat 
pump. The author compared the energy usage for home heating before 
and after the heat pump was installed. Also he related monthly 
electrical usage to monthly heating degree days and derived, as ex-
pected, a linear relationship between the two. This study gave a 
heating mode COP of 1.65 relative to resistance heat. The cooling 
mode operation was not examined. The savings of electrical energy on 
an average year was on the order of 6000 kWh/yr. 
Hubert [13] also investigated air-to-air heat pumps in the h~ting 
mode and related them to heating degree days. Hubert examined a wide 
range of installations and arbitrarily defined three classes of heat 
pumps. Class 1 being the ten highest rated models as defined by the Air 
Conditioning and Refrigeration Institute (ARI) and Class 3 being the ten 
lowest rated models. Class 2 was the average of the entire sample of 96 
models. In this study two equations were derived by curve fitting, 
one relates COP to outdoor air temperature and the other relates average 
COP to monthly heating degree days. The equations are quadratic with the 
coefficients depending, in both cases, on the class of the heat pump. 
Results from the first equation and its derivation showed that the COP 
increases mOre slowly above 47 F than it does between 17 F and 47 F. 
(ARI tests marketed models of heat pumps to determine their COP at 17 and 
47 F.) Also COP approaches 1 rapidly below 17 F. The average COP's 
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varied widely for the different classes of heat pumps ranging from 3.02 
for the class 1 heat pumps at 47 F outside temperature to 1.96 for class 
3 at the same temperature. At a temperature of 17 F the class 1 heat 
pumps' COP dropped to 2.1B and the class 3 COP dropped to 1.12. Hurbert 
included in his study a comparison of heat pump operating costs compared 
to those for combustion furnaces Coil and natural gas). Cost effective-
ness depends on the performance of the heat pump, the number of heating 
degree days, and the cost ratio between electricity and the other fuel 
being considered. 
A theoretical study done by Luken [16] compared the cost of a 
hydronic heat pump to an air-to-air heat pump in an office building 
in Columbus, Ohio. The building was assumed to have a 1,200,000 Btuh 
design heat loss. Besides finding that the air-to-air system was 
mo~e economical this study also illustrates how widely the COP of an 
air-to-air heat pump varies depending on the outside temperature. For 
the heat pump studied, the COP's ranged from 3.15 for 50 to 60 F to 1.B5 
for -10 to 0 F. 
As seen from the preceding examples, a weakness of air source 
heat pumps is the loss of efficiency as the source temperature drops, 
which is when 'the heat pump is needed the most. A water source heat 
pump, however, does not usually have this problem since the source 
temperature is not dependent upon the outside a~r temperature. A case 
study by Thomann and Fulton [24J compares the cost benefits of a res~­
dential groundwater source heat pump to three more conventional types of 
heating and air conditioning systems: an a~r source heat pump, gas 
heating with electric air conditioning, and electric resistance heating 
with electric a~r conditioning. The systems were assumed to have a 
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3-ton cooling capacity and 75,000 Btuh heating capacity. The study was 
conducted in Wichita, Kansas, on new residences of approximately 1200 -
1500 sq. ft. The air source heat pump used had a SPF of 2.0 and a 
seasonal cooling EER of 7.0. The water source heat pump used had a 
SPF of 3.0 and a seasonal EER of 10. Electric and gas furnaces have 
seasonal efficiencies of approximately 0.95 and 0.65, respectively. 
Thomann and Fulton concluded that over the lifetime of the systems the 
water source heat pump including the cost of the water well would 
provide a significant savings over all the other systems except natural 
gas. For example, the water source heat pump provided an estimated net 
savings of $787.07 over an a~r source heat pump with expenses spread 
across the lifetimes of both systems. This savings included the cost of 
the water well necessary for the water source heat pump system. 
Wagner [27] reported on a 700 hp water-to-water heat pump used 
in a school complex consisting of nine buildings. The total estimated 
heat loss from the buildings was 10,600,000 Btuh and the total cooling 
load was 4,700,000 Btuh. The heat source was 60 F groundwater taken 
from a 40 ft. deep well; the same groundwater well was used for a heat 
sink during the air conditioning season. The heat pump heated 1,775 
gpm of water from 114 to 122.2 F through the condenser by taking 
heat from 800 gpm of 60 F groundwater, thereby cooling it to 45.5 F. 
In the summer 1,775 gpm of water are cooled from 50.3 to 45 F and the 
SOO gpm of groundwater are heated from 60 to 74.8 F through the con-
denser. This system had an overall average COP of 3.S5. Since this 
report is fairly old (1960), it would be reasonable to assume that today 
a similar system with modern equipment could obtain a significantly 
higher COP. 
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Hagen's [11] study of a groundwater source heat pump gave an 
average heating mode COP of 2.54. The heat pump in this study was 
installed in a 3,500 sq. ft. home in Logan, Utah, and was designed for 
72,000 Btuh heating output. This system also included an auxiliary 
heat exchanger attached to the heat pump which helped provide culinary 
hot water for household use. Some question as to the validity of 
Hagen's result exists since the primary resistance coils in the hot 
water heater were not instrumented separately and the amount of on-time 
of the heat pump was inaccurately measured. A somewhat higher average 
COP should be expected. Inasmuch as the system in Hagen's study is 
the same system investigated by this study, these questions will be 
addressed later ~n more detail. 
Improvements may be made on the performance of heat pump systems 
in many different ways though most of these depend on factors that are 
difficult to control. For instance Sector [23] studied a water-to-air 
heat pump using industrial thermal effluent as a source. Sector's 
tests were conducted for a 40 x 100 x 14 ft. equipment storage building. 
Of six tests, an average COP of 3.8 was obtained. The effluent heat 
source ~s an excellent one but obviously depends on close proximity of 
an industry with waste effluent. 
A more practical solution that is becoming popular is a solar 
augmented heat pump system. Briefly, studies by Corman, McGowan, and 
Peters [7], Alcone [1], and Bosio and Suryanarayana [4] considered 
heat pumps combined with solar collectors to heat residences. All 
of these studies found COP's for varying conditions ranging from 3.15 
to 3.8. 
Studies aimed specifically at testing the cooling performance of 
heat pumps are not so numerous. For comparison, however, several 
studies of single mode central air condition systems are included 
below. 
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In 1976 Kelly, Kelnhofer, and Arora [15] studied a central air 
conditioning unit located in a Washington, D.C. area residence. The 
test was designed to yield the COP of the air conditioner on an hourly, 
weekly, monthly and seasonal basis. The authors also included the 
effect of part load operation and this was used in conjunction with 
the bin method to predict energy consumption. The predicted consump-
tion was compared with the actual consumption. The bin method in this 
case was shown to be accurate in predicting the seasonal performance 
factor to within 4 percent and the actual energy consumption within 7 
percent. The seasonal performance factor or seasonal COP for the 
central air conditioning unit was found to be 2.46. 
Lastly, a report done by Gordian Associates, Inc. for the U.S. 
Department of Energy [10] examined energy consumption, energy and life 
cycle cost, market prospects, institutional factors, and primary or 
resource energy efficiency of a wide range of heat pump systems for 
commercial and residential applications. In order to compare annual 
energy usage for residential cooling, this report cites performances 
for two types of electric central air conditioning systems. A high 
efficiency unit and a standard unit often used by builders were found 
to have EER's of 7.1 - 7.8 and 6.2 - 6.8, respectively (COP's of 2.08 
2.29 and 1.82 - 1.99, respectively). Also cited were cooling per-
formance ratings for heat pumps using a Rankine cyc le compressor. High 
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efficiency and standard heat pumps were reported to have EER's of 7.7 -
8.4 and 6.8 - 7.1, respectively (COP's of 2.26 - 2.46 and 1.99 - 2.08, 
respectively). 
• 
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SENSIBLE HEAT LOSSES AND HEAT GAINS 
General Conduction Heat Transfer 
The instantaneous conduction heat transfer for a building using 
a quasi-time dependent analysis resulting from continuously recorded 
data, is obtained from the basic equation: 
q = (~ U A )(T.-T ) 
n n n ~ 0 't 
(12) 
Here the subscript 't denotes that Ti and To, the inside and outside 
air temperatures, respectively, are functions of time. The inside air 
temperature for both periods examined remains fairly constant over a 
given 24 hour period but var~es slightly depending on whether the 
.. 
thermostat remains fixed. The outside a~r temperature is obviously a 
function of time having a 24 hour period. 
Heat transfer through building components below grade (i.e. 
basement walls and floors) is expressed by an equation similar to 
Equation 12 but is dependent upon the groundwater temperature: 
q = (~ U A )(T.-T ) (13) 
n n n ~ g 't 
where Tg is the local groundwater temperature. The temperatures here 
both remain fairly constant over a one month period since the ground-
water temperature is periodic over a year rather than a single day. 
The yearly variation of this temperature is approximately 20-22 F. 
Generally in the summer cooling loads are computed using the CLTD 
(cooling load temperature difference) method which takes into account 
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the influence of solar radiation on the exterior walls and heat stored 
by the mass of the house. However, in the situation encountered in 
Logan a great deal of the time during the test period (August 9 through 
September 7,1981), heat flow by conduction is out of the house rather 
than in, as would probably be expected. Given this fact and since the 
results were to be integrated over a 30-day time span, a decision was 
made to use a direct UA~T method with the actual recorded data. Also, 
it should be pointed out that the thermal mass of a structure influences 
the values of the CLTD's. A house built with masonry as a fundamental 
part of its structure has a significantly greater mass and, therefore, 
larger CLTD's than a common frame house. A frame house has CLTD's that 
are approximately equal to the actual temperature differences since a 
light weight structure cannot store as much heat. Tabularized values 
for the CLTD's must be corrected for altitude, latitude, design tem-
perature differences, and outside weather conditions. It will be noted 
in the section on Experimental Results that satisfactory results are 
obtained by this simplification. 
Frame Walls 
Most contemporary residential structures include the frame wall 
as a basic construction component. A one dimensional heat transfer 
analysis on such a wall, while not absolutely correct, provides a close 
approximation to what actually occurs. A typical cross sectional view 
as seen looking down on a frame wall is shown 1n Figure 3. Here those 
areas shown as the stud and either insulation or air space represent a 
paralle 1 heat flow. In Figure 4 an equivalent thermal circuit for 
h· I 
Inside Layer -~. 
~------ho 
~+--Intermediate Layer 
R4 
'~-Outside Layer 
Figure 3. Cross section of a typical frame wall. 
Figure 4. Equivalent thermal circuit for the wall in Figure 3. 
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the wall in Figure 3 ~s shown. The equation for the total thermal 
resistance ~s: 
(14) 
where hi and ho represent the inside and outside surface heat transfer 
coefficients, respectively. In terms of dimensions and thermal con-
ductivities Equation 14 may be rewritten as 
1 Xl be x 4 Xs 1 R=-+-+ +-+-+-
hi kl ak2 + (b-a)k3 k4 kS ho 
.The overall heat transfer coefficient ~s then given as: 
u=l 
R 
(15) 
(16) 
An alternate method of finding the overall heat transfer coef-
ficient is to sum the thermal resistances through the sections of the 
wall containing the stud separately from the section of the wall where 
there is either a~r space or insulation producing two equations. Using 
the notation from Figure 3: 
(17) 
is the resistance of the section containing the stud, while 
(18) 
~s the resistance of the remaining area. Now to obtain U the reciprocal 
of the resistance sums given in Equations 17 and 18 must be multiplied 
by their respective area fractions and added, giving: 
1 a+..l.. 
U =\"it b R 
s a 
(b-a) 
b 
(19) 
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These two methods for computing a U-value differ somewhat with the 
second value being slightly lower than the first. The actual value 
usually lies between the two calculated values since different assump-
tions are made for each. Generally if the ratio of the conductivities 
of those materials which are in parallel is less than five the second 
method (Equation 19) gives satisfactory values. For a typical residen-
tial home wall employing air space or insulation between wood studs, the 
second method should be used. 
Basement Walls Above Grade 
The general method for calculating an overall heat transfer 
coefficient of basement walls above grade follows exactly the steps 
taken for a frame wall, making ~hose corrections necessary for number 
of layers, thermal conduc tivities, thicknesses, etc. Since basement 
walls are typically constructed of concrete or concrete blocks which 
have a relatively high thermal conductivity compared to the components 
in a frame wall, the corresponding U-values will also be substantially 
higher. 
Basement Walls Below Grade 
Calculation of heat transfer below the soil grade differs from 
that above ground because heat loss varies with depth. Over the past 
30 years of experbnentation and analysis, general rules have developed 
to g~ve typical heat loss in basement walls as a function of depth. 
Table 1 gives the heat loss/ft/F between the basement and external 
temperatures for uninsulated concrete walls as well as various insula-
tion thicknesses. The total heat loss through the basement wall 
Table 1. Heat loss below grade in basement walls a (Btuh/(ft2)(F)). 
Heat Loss 
Depth 
0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
( ft) Uninsulated I-in. 
Ost) 0.410 0.152 
(2nd) 0.222 0.116 
Ord) 0.155 0.094 
(4th) 0.119 0.079 
(5th) 0.096 0.069 
(6th) 0.079 0.060 
(7th) 0.069 0.054 
aksoil = 9.6 (Btuh) (in.) / (ft2 )(F); 
kinsulation = 0.24(Btuh)(in.)/(ft2 )(F). 
Insulation 
2-in. 
0.093 
0.079 
0.068 
0.060 
0.053 
0.048 
0.044 
3-in. 
0.067 
0.059 
0.053 
0.048 
0.044 
0.040 
0.037 
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~s found by summ~ng the appropriate values from Table 1 and mUltiplying 
the sum by the outside perimeter length and the design temperature 
Basement Floors 
A standard U-value is used to calculate heat losses through 
uninsulated basement floors. That value recommended by ASHRAE [3] 
is 0.10 Btu/hr-ft2-F but corrections should be made to take into 
account any insulating properties of the floor coverings that are 
used. The heat loss through the floor is found by multiplying the 
corrected U-value by the floor area and the design temperature dif-
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Roofs 
The construction of roofs in most contemporary residences is 
similar to that for a frame wall hence the U-value ~s calculated by 
the same method. 
There are, however, three common roof configurations: the roof/ 
ceiling combination, flat roofs, and vaulted ceilings. With a roof/ 
ceiling combination or a vaulted ceiling where the roof is sloped, it ~s 
common practice to deal with the area under the slope rather than the 
actual roof area. This adjustment results ~n the following equation for 
thermal resistance: 
R 
r 
=J:...-+ 1 
U U (A /A ) 
c r c r 
(20) 
Uc and Ur, calculated using Equation 19, are the overall heat transfer 
coefficients for the ceJling and roof, respectively, and Ac and·Ar 
are the actual areas of the ceiling and roof, respectively. Remembering 
that U = (l/R), Equation 20 can be rearranged expressing the area 
differences of the roof and ceiling in terms of the slope, S, from 
the horizontal to give: 
1 U = ----~------7 R + R cos S (21) 
c r 
For a vaulted ceiling there is no ceiling component for resistance; 
therefore, we can simplify Equation 21 to: 
1 
U = -R-r--C-O-S-S (22) 
The heat transfer is found by multiplying the U-value found above by 
the ceiling area and the design temperature difference, (Ti-To). 
Doors and Fenestrations 
Data for most common types of doors and window glass components 
used in residential construction are available in the ASHRAE Funda-
mentals Handbook [3]. 
Infiltration and Natural Ventilation 
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Infiltration ~s air leakage through cracks and interstices, around 
windows and doors, and through the floors and walls into a building. Its 
magnitude depends on the type of construction, workmanship, and condi-
tion of the building. Natural ventilation is intentional displacement 
of air through specified openings such as windows, doors, and ventila-
tors. Both of these air flow quantities are dependent upon pressure 
differences between the inside and outside air; in turn, the pressure 
differences are dependent upon the wind or density differences between 
the outside and inside air. During the cooling season any air entering 
the home at a greater temperature than the indoor design temperature 
obviously must be cooled to maintain the desired comfort level. This 
represents an effective heat gain which must be compensated for by the 
conditioning unit. However, for the cooling season in the area studied, 
infiltration and ventilation did not represent a heat gain but a heat 
loss during a large percentage of the day since nighttime and morning 
temperatures were usually lower than the desired indoor design tempera-
ture. This fact was taken advantage of by the home owner and three of 
the windows at the upper level of the house were left open throughout 
the cooling season to provide natural ventilation. Overall, this re-
duced the total heat gain and lowered the required energy consumption. 
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In the heating season all the cold infiltrating a~r must be 
raised in temperature to a desired comfort level. This represents 
a large effective heat loss from the building which must be compensated 
for by the conditioning unit. 
In both seasons, cooling and heating, the heat loss or heat 
gain created by infiltrating air ~s given by: 
q = mc ~T p 
(23) 
where m and cp are the mass flow rate and the specific heat of the 
infiltrating air, respectively, and ~T LS the temperature difference 
between the outside and inside aLr. A more convenient fo~ of Equation 
23 is: 
q = pc V~T 
P I 
(24) 
where P and V are the density and volume flow rate, respectively, of 
the infiltrating air. 
Two empirical methods of estimating infiltration into residences 
are used, the crack method and the air change method. The crack method 
is usually the more accurate of the two but it requires the determina-
tion of pressure differences across the crack. The evaluation of this 
difference is difficult with changing wind conditions and temperature 
differences. The air change method attempts to estimate the number of 
times the air within a room is changed per hour by infiltrating air. 
While both methods are very inexact, the second method is most commonly 
used for residences and lends itself to the use of Equation 24 by 
substituting the volume of each room mUltiplied by the estimated number 
of air changes per hour for V. The values for the number of air changes 
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per hour used during the cooling test period are located ~n Table 2. 
These values include the a~r flow by infiltration and by natural venti-
lation caused by open windows in the house. The number of air changes 
per hour for the winter heating period are located in Table 3. These 
values are lower than those normally used since the home tested was very 
well built with respect to tightness (i.e. weather-stripped doors and 
windows, cracks caulked, etc.) and is still relatively new. Also the 
winter test period was peculiar in that almost no wind occurred during 
Table 2. Estimated a~r changes occurring under average conditions ~n 
the residence tested for the cooling season. 
Type of Room 
No windows or exterior doors 
Windows or exterior doors on one side 
Windows or exterior doors on two sides 
Windows or exterior doors on three sides 
Entrance Halls 
Air Changes 
Per Hour 
0.75 
1.5 
2.25 
3.0 
3.0 
Table 3. Estimated a~r changes occurring under given conditions ~n 
the residence tested for the heating test period. 
Type of Room 
No windows or exterior doors 
Windows or exterior doors on one side 
Windows or exterior doors on two sides 
Windows or exterior doors on three sides 
Entrance Halls 
Air Changes 
Per Hour 
0.25 
0.5 
0.75 
I 
I 
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the first 20 days of the 30 day test period. Infiltration heat losses 
in the winter generally represent a considerable percentage of the total 
heat loss for residential buildings. 
Solar Heat Gains 
Solar radiation heat gains through fenestrations can have a marked 
effect on the total thermal behavior of a residential structure. As 
seen later in the chapter on Experimental Results and in Appendix A 
solar radiation accounts for 74.1 percent of the summer test period heat 
gains. In the winter solar radiation provides 66.5 percent of the total 
heat gain other than the heating output of the heat pump. Solar heat 
gain is dependent upon the sun's incident angle, the amount of cloud 
cover, the amount of shading on the fenestration, both interior and 
exterior, the transmissivity and absorptivity of the light-trans-
mitting panel, and the difference between the indoor and outdoor air 
temperatures. 
The instantaneous heat gain derived from solar radiation ~s 
obtained by the equation 
q = A(SC) (SHGF) (25) 
where A ~s the incident area, SC is the fenestration's shading coef-
ficient (a value which can be estimated by values tabularized in ASHRAE 
[3]), and SHGF is the solar heat gain factor. The details for deter-
mining the solar heat gain factor are given ~n Appendix A. The computer 
program used follows the procedure outlined ~n Appendix A. 
Internal Heat Gains 
In discussing heat gains on a residential building internal 
gains cannot be neglected. Heat released by lights, occupants, and 
most notably by operation of major applicances provides a significant 
contribution to the total heat gain on a house. During the two test 
periods, internal heat gains amounted to 25.9 and 33.5 percent of the 
total heat gains for the summer cooling and winter heating periods, 
respectively. 
Listed in Table 4 are the major electrical appliances used in 
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the residence examined and the approximate heat release rates for each. 
Ninety percent o~ the lighting indoors was provided by incandescent 
fixtures rated at an average of 110 watts. The remaining 10 percent was 
fluorescent with a rating of 40 watts. It was estimated that 2.532 KWh 
were released by the lights per day during the summer test period and 
that 3.230 KWh watts were released during the winter test period. 
During the daylight natural lighting was available since the window area 
was large. (See Figure 11, p. 62.) 
A family of one adult male and three adult females lived in the 
house during both test periods. Typically the male and one female 
were home between 6:00 p.m. and 8:00 a.m.; one female was home between 
4:00 p.m. and 8:00 a.m.; one female usually remained home most of the 
day. Assumed were energy release rates corresponding to light work or 
sitting during the waking hours of 640 Btu/hr and during sleeping hours 
of 240 Btu/hr. The schedule of occupancy is shown in Figure 5. Figure 
5 shows an estimated operating schedule of internal heat gain sources 
and the amount contributed by each. Those appliances that were not 
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ordinarily operated on a daily basis were prorated to give a daily 
value. Times and values varied slightly throughout the test period. 
Table 4. Energy release rates for major electric appliances (Btu/hr).a 
rt) 
Appliance 
Clothes dryer 
Oven 
Dish washer 
Hot water heater 
Range 
Clothes washer (average during a cycle) 
Refrigerator 
aBased on rates quoted in Reference 19. 
_ Lights {additional winter} 
c:::=J Lights (summer) 
E"Z22ZA Occupa ncy 
8 !IlIIIIlJ- Appliances 
I 6 
o 
4 8 12 16 
TIME {ho.urofday} 
Btu/hr 
5464 
2790 
2100 
1100 
1025 
618 
575 
20 24 
Figure 5. Estimated operating schedule of internal heat gain sources. 
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EXPERIMENTAL PROCEDURE 
During this investigation, four fundamental kinds of measurements 
were taken: temperatures, electrical energy input, groundwater flow 
rates, and air flow rates. Measured solar insolation data were obtained 
for Logan from a local meteorologist [8]. 
Temperature Measurements 
Temperatures involved in the analysis were obtained using a 
Leeds and Northrup continuously recording 12-channel strip chart 
recorder and copper-constantan thermocouples. The time interval 
between two adjacent points on the same channel was approximately 13 
seconds. Since heat flow through the structure during two peak use 
periods was one of the objectives of the report, outdoor and indoor 
temperatures were taken. 
The thermocouple that measured the outside ambient air temperature 
was placed 23 feet from the house and 10 feet above the ground 1n a 
shaded enclosure to diminish the effects of solar radiation on the true 
ambient temperature. A thermocouple was placed on the exterior south 
wall of the house to measure the temperature of the wall as influenced 
by solar irradiation. Inside a thermocouple was placed on the south 
wall on the main floor of the house directly opposite the thermocouple 
on the exterior wall. Only the main floor temperature was taken since 
Hagan [11] found only a small gradient in the temperatures between 
the different levels within the house. 
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Both supply and return a1r temperatures were recorded for use 
in comparing the measured cooling and heating outputs of the heat pump 
with the manufacturer's performance data and with those obtained by 
Hagen. The thermocouple in the supply air plenum provided the time 
and duration of heat pump on times during the heating period allowing 
for correlation between heat gains, heat losses, and heat pump cycling. 
Inlet and exit groundwater temperatures were recorded to observe 
the amount of temperature rise or drop through the heat pump before the 
water was injected into the discharge well. These temperatures also 
provided a check on the accuracy of the groundwater Btu meter and its 
two temperature sensors. The thermocouple on the groundwater exit 
provided the time and duration of the heat pump on-times during the 
cooling period. 
Electrical Energy Input Measurement 
The electrical energy input to the heat pump was measured using 
a Sangamo 30-amp. watt-hour meter. This meter measured electrical 
energy used by the compressor, fan, controls, internal pump for cycling 
the auxiliary hot water heat exchanger, and the water well pump. 
Unlike Hagen's previous study, the main hot water heater" coil energy 
usage was not measured by the watt-hour meter. The meter was read at 
the beginning and at various times throughout the experiment as well as 
at the end of the test periods. 
Groundwater Flow Measurement 
The flow rate of groundwater to the heat pump was measured using 
a Rho Sigma model S07A flow meter. The flow meter was interfaced with 
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a Rho Sigma 805 Btu meter and two temperature sensors. The Btu meter 
multiplied the flow rate by the temperature differential between the 
inlet and exit groundwater and then integrated the result over time to 
obtain the thermal energy rejected into or extracted from the ground-
water. The basic equation is 
(26) 
The Btu meter has two registers, the cumulative Btu's transferred to 
or from the groundwater and the cumulative gallons of groundwater used 
by the heat pump. A schematic of the system is shown in Figure 6. 
The Rho Sigma meter, used in conjunction with the watt-hour meter, 
provided a simple way of measuring the heat pump's average coefficient 
of performance using Equation 5 where QL is the total thermal energy 
transferred from the water and Equation 8 where QH is total thermal 
energy transferred to the water as read from the first register, and 
W is the total electrical energy read from the watt-hour meter. 
Air Flow Measurement 
The aLr flow rate was measured in the heat pump's return aLr 
duct using a Thermal Systems Incorporated (TSI) model 1650 hot wire 
anemometer. Measurements were taken four different times in 13 dif-
ferent places across the return air duct to give an approximate velocity 
profile. Each of the 13 velocity measurements were taken at the center 
point of an elemental area of the duct. Each velocity was multiplied 
by its respective area and the terms were summed to give an average 
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velocity flow rate. The flow rate was used Ln computing the cooling and 
heating outputs of the heat pump. 
RS 807 A 
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Inflow 
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•• 
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Heat 
Pump 
110 VAC 
-
-
Figure 6. Schematic diagram of groundwater flow and thermal energy 
transfer instruments. 
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EXPERIMENTAL RESULTS 
This chapter presents the data collected from the two peak use 
periods examined during the experiment. The results from the summer 
period when the heat pump was in the cooling mode is separated from the 
heating mode results for the winter period. An error analysis follows 
these two sections. 
Cooling Mode Results 
Figure 7 shows a typical day's continuous measurements for the 
summer cooling period. Plotted are the outdoor ambient air and indoor 
ma~n floor temperatures, the instantaneous conduction and infiltration 
heat gain or loss, and the solar heat gain through the fenestrations. 
Also the heat pump on-times as measured are shown. Similar figures are 
located in Appendix E for all of the days in the cooling period. 
Elaborating on the figures for.the cooling period, the instan-
taneous conduction and infiltration represent an overall heat loss for 
the majority of the days tested; only for the first six days (August 9 
through August 14) is there a daily heat gain by these two mechanisms. 
On four days of the test period no cooling at all was required; these 
days corresponded to days when rainfall occurred and there was less 
solar gain. The majority of the summer heat gain occurred as solar 
irradiation through the fenestrations. The maximum instantaneous solar 
heat gain occurred at approximately 9:30 a.m. on the clear days during 
the summer period. The orientation of the house at 30 degrees east of 
south helped in reducing the solar gains for the summer. The overhang 
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Figure 7. Sample plot of a day's continuous measurements of heat loss 
or gain, solar heat gain, air temperatures and heat pump on-
times. 
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on most of the windows, however, was not adequate to significantly 
reduce solar heat gains. 
The thermostat was set at 72 F for the first three days of the 
test period. The heat pump on-time required to achieve this low 
temperature was signific~ntly higher than the other 27 days when the 
setting was raised to 76 F. The average on-time for the heat pump 
~n the cooling mode was 57.44 minutes. 
The airflow measurements on the heat pump1s return air duct 
yielded an average velocity of 757.7 ft/min. Multiplying this value by 
a cross sectional area of 2.139 square feet gives a volume flow rate of 
1,621 cfm, which is 26.3 percent lower than the manufacturer's rating 
of 2,200 cfm. The cooling output of the heat pump was calculated using 
the equation: 
q = pVAc toT p 
where p and cp are, respectively, the density and specific heat of 
(27) 
the return air, V is the velocity of the a~r in the return air duct, A 
is the cross-sectional area of the duct, and ~T is the average tempera-
ture difference between the return and supply air temperatures. The 
quantities had these values: 
p = 0.07436 lbm/ft3 
V = 757.7 ft/min 
A =.2.1:39 ft2 
cp = 0.2404 Btu/lbm-F 
~T = (75-47) = 28 F. 
The resulting cooling output was 48,668 Btu/hr, which is 18.9 
percent lower than the manufacturer's rating of 60,000 Btu/hr. 
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The heat pump came on 81 times and operated a total of 77.55 
hours during the 30 day test. The heat pump used 17,932 gallons of 
groundwater at a rate of 3.85 gal/min average, thereby rejecting a 
total of 3,568,620 Btu of thermal energy into the groundwater. The 
inlet and exit groundwater temperatures remained relatively constant 
at 59 and 89 F, respectively. The supply air and groundwater tempera-
ture profiles for a typical on-time are shown in Figure 8. 
In addition to cooling the air, the heat pump circulated the 
house's culinary hot water through a separate refrigerant-to-water 
heat exchanger at an approximate rate of 3 gal/min. Over the 30 days 
this assisted in heating the culinary water by adding 349,796 Btu. 
(This value was arrived at using an average temperature difference 
of 3 F and substituti.ng into Equation 27 with the appropriate values 
for p and cp of water at 136 F.) A total of 378.9 K1fu of electrical 
energy was used by the heat pump system during the test period. 
The values for heat lost by conduction and infiltration and 
heat removed by the heat pump, as well as the heat gains from solar 
radiation and internal sources, were integrated over the 30 day test 
period. The total heat lost or removed was 7,346,690 Btu and the 
total gain was 8,598,355 Btu, a difference of 14.6 percent. These 
values are summarized in Table 5. 
Heating Mode Results 
During the winter heating period the majority of the on-times 
were between 12 and 15 minutes long. However, the occupants of the 
house set the thermostat at 65 F at night, then in the morning the 
setting was changed to 70 F. This caused the heat pump to remain on 
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Figure 8. Temperature profile for a typical heat pump on-time for the 
cooling test period. 
Table 5. Cooling test period energy balance. 
Energy Balance for the Heat Pump 
QA 
l::W 
Total energy in 
Qcw 
QGW 
Total energy out 
Total on-time: 77.55 hr. 
Energy Balance for the House 
Solar heat gain 
Internal heat gain 
Total heat in 
Conduction and infiltration heat loss 
QA-Heat removed 
Total heat out 
Average 
Rate (Btuh) 
30-Day Total 
(Btu) 
48,668 3,774,168 
16,671 1,292,807 
65,338 5,066,975 
4,511 349,796 
57,886 4,489,050 
62,396 4,838,846 
30-Day Total (Btu) 
6,368,342 
2,230,013 
8,598,355 
3,572,522 
3,774,168 
7,346,690 
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for an extended period during midmorning every day, often longer than 
two hours. The average on-time was 17.79 minutes. 
During this particular winter Logan experienced an unusually high 
number of days of thick, stagnant fog along with other cloudy days. For 
the 30-day test period, 18 days were affected by the fog and five others 
affected by the clouds. Because of this condition a noticeable dif-
ference occurred in the amount and duration of the on-times between 
the foggy days and the clear days. On the foggy days very little 
solar heat gain was realized; consequently, the heat pump cycling 
occurred throughout the day. On the clear days almost no heat needed 
to be supplied by the heat pump in the afternoons while the sun was 
out. 
Using the same air flow measurements as for the cooling period and 
Equation 27 the heat pump's heating output for the winter period was 
• 
calculated with the following values: 
p = 0.07481 lbm/ft2 
v = 757.7 ft/min 
A = 2.139 ft 2 
cp = 0.2404 Btu/lbm-F 
~T = (109-70.8) = 38.2 F 
This resulted ~n a heating output of 66,789 Btu/hr, which is 7.2 
percent lower than the manufacturer's rating of 72,000 Btu/hr. 
During the winter test period the heat pump came on 783 times and 
operated a total of 232.1 hrs. A total of 180,682 gallons of ground-
water passed through the heat pump's water-to-refrigerant heat ex-
changer at a rate of 12.97 gal/min. The heat pump absorbed 13,320,000 
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Btu of thermal energy from the groundwater. The inlet groundwater tem-
perature varied over the test period from 57 to 48 F getting gradually 
colder throughout the 30 days examined. The average groundwater tem-
perature on the first day was 54 F and on the last day 51 F. The 
exit temperature varied between 2 and 9 degrees cooler than at inlet, 
averaging about 6 degrees. A typical on-time with supply air arid 
groundwater temperature profiles is shown in Figure 9. 
The heat pump's auxiliary heat exchanger delivered 2,443,135 Btu 
to the culinary hot water system. A total of 1,183 KWh of electrical 
energy was consumed during the test period. 
The total heat loss from the house by conduction and infiltration 
and the total heat gain from solar radiation, internal gains, and the 
heat supplied by the heat pump were integrated over the 30 day test 
period. Heat losses totaled 23,383,312 Btu while the, heat gains 
.-
totaled 23,172,144 Btu, giving a 0.90 percent difference. These values 
are summarized in Table 6. 
Error Analysis 
Errors in this report are reduced from those in Hagen's on several 
calculations. The determination of total hours of heat pump operation 
represents the most significant improvement. There were only 13 
seconds between adjacent data points on the same strip chart channel; 
however, the on-tUnes were read to the nearest minute in each case which 
introduced an error of + 30 seconds for a given on-tUne. For summer 
this gives -a possible error of only ~ 0.675 hours or 0.87 percent for 
the total on-time. In the winter there is a possible error of 6.525 
hours or 2.81 percent for the total on-tUne. Comparatively, Hagen [11] 
lJ... 
o 
108-109 
51-52 
48-49 
41 
Supply Air 
Basement Ambient----.... 
-- -- -- -- -- -- -- -- --
Groundwater In 
TIME 
Figure 9. Temperature profile for a typical heat pump on-time for the 
heating test period. 
had an error of up to 4.72 minutes for any given on-time resulting in a 
possible 23 percent error in the total on-time. 
The uncertainty in the air flow measurement was 0.4 percent using 
a standard deviation of 3.22 ft/min as a lower and upper bound. The 
temperatures on the strip chart recorder were ac~urate to within + 1 F. 
The return air duct cross section was measured to within + 0.25 inch 
resulting in a possible error of 2.9 percent. The uncertainty in p and 
cp was assumed negligible. The resulting possible error in the heat 
pump's cooling output was 10.2 percent and the possible error for the 
hea~ing output was 8.9 percent. 
The temperature sensors used with the ftroundwater flow meter were 
accurate to within + 1 F. The average groundwater differential was 
Table 6. Heating test period energy balance. 
Energy Balance for the Heat Pump 
QGW 
LW 
Total energy 1.n 
QA 
QCW 
Total energy out 
Total on-time: 232.13 hr. 
Energy Balance for the House 
Solar heat gain 
Internal heat gain 
QA-Heat added 
Total heat in 
Conduction and infiltration heat loss 
Total heat out 
Average 
Rate (Btuh) 
57,381 
17,388 
74,769 
66,798 
10,525 
77 ,323 
30-Day Total 
(Btu) 
13,320,000 
4,036,396 
17,356,396 
15,506,098 
2,443,135 
17,949,233 
30-Day Total (Btu) 
5,094,432 
2,571,615 
15,506,098 
23,172, 145 
23,383,312 
23,383,312 
30 F in the cooling period resulting in a possible error of ~ 6.67 
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percent. In the heating period the average temperature differential was 
only 6 F, this makes possible an error as large as ~ 33.33 percent. The 
flow meter itself was accurate to within + 1.5 percent. The uncertainty 
of the watt-hour meter was assumed negligible during the summer cooling 
period. During the winter heating period a malfunction in the watt hour 
meter led to an error in the electrical consumption of ~ 7.5 percent. 
The flow rate used in calculating the amount of heat transferred 
to the culinary hot water system was the manufacturer's rating since 
the flow could not be instrumented. An error estimate of 15 percent 1.S 
assumed. 
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HEAT PUMP'S COEFFICIENT OF PERFORMANCE 
As with the chapter on experimental results, this chapter is 
divided into two sections. The first section treats the summer cooling 
period and its coefficient of performance (COp); the second does the 
same for the winter heating period. 
Cooling Mode Coefficient of Performance 
Calculation of the coefficient of performance is made simply 
by inserting the proper values into Equation 7. QL is the heat 
pump's cooling output multiplied by the number of hours the heat pump 
was on and W is the number of KWh used by the heat pump multiplied 
by the appropriate conversion factor. Using the value of 48,668 
Btu/hr as the cooling output of the heat pump and 378.9 KWh of elec-
trical energy used, the COP was found to be: 
COP (48,668)(77.55) = (378.9)(3,412) 2.919 (28) 
where 77.55 1S the number of hours the heat pump remained on during 
the cooling test period. 
The COP can also be calculated by using Equation 8 where Qs 
represents the sum of the heat energy rejected into the groundwater and 
the energy added to the culinary hot water. This form results in the 
equation: 
COP = (57,736 + 4,511)(77.55) - (378.9)(3,412) (378.9)(3,412) (29) 
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where 57,736 Btu/hr is the rate energy was rejected into the ground-
water and 4,511 Btu/hr was the rate energy was absorbed by the culinary 
water. From Equation 29, the average COP is 2.734. The percentage 
difference between these two calculations of the COP is 6.35 percent 
which provides an adequate correlation. 
In the cooling mode these methods of calculating the COP may be 
low if the ratio of energy sought to work expended is examined dif-
ferently. In the given situation the main objective of the heat 
pump's operation is to cool the house, but by having an auxiliary heat 
exchanger connected to the culinary hot water an added benefit is 
provided with little extra cost. 
Heating Mode Coefficient of Performance 
In the heating mode, Equation 4 was used to calculate the COP. 
As with the cooling mode calculations, the COP for the winter period 
may be found by two different routes. First, by examining the supply 
side of the heat pump system, QH represents the sum of the heating 
output and the heat energy added to the culinary water. From the 
experimental results the heating output was 66,798 Btu/hr and energy 
was added to the hot water at a rate of 10,525 Btu/hr. This results 
in the equation: 
COP = (66,798 + 10,525)(232.1) (1,274)(3,412) = 4.128 (30) 
where 232.13 represents the number of hours of on-time and 1,274 is 
the amount of electrical energy consumed in KWh. 
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Second, by approaching the calculation of the COP from the amount 
of energy used or transferred to the system and using Equation 5, the 
equation becomes: 
COP = (13,320,000) + (1,274)(3,412) = 4.064 
(1,274) (3,412) 
Here 13.320 x 106 represents the total Btu transferred from the 
(31) 
groundwater to the refrigerant. Comparing the two calculations gives 
a di fference of 1.6 percent. 
Error Analysis 
As mentioned in the previous chapter the errors in heat pump 
on-times and the cooling output for the summer test period were, 
respectively, 0.87 and 10.2 percent. The associated error in the COP 
by the first method of calculation was 11.0 percent. The errors in 
the energy flow rate to the groundwater and to the culinary water were 
8.07 percent and 71.6 percent, respectively. Including the possible 
time error this amounted to a maX1.mum possible error of 18.3 percent 
for the COP calculated by the second method. 
During the winter test period the errors 1.n heat pump on-time 
and the heating output were, respectively, 2.81 and 8.9 percent. 
The error for the culinary water energy absorption was 39.3 percent 
and the error in the electrical consumption was 7.5 percent. Summing 
these errors led to an error in the COP of 21.4 percent. 
Similarly, the possible error in the amount of energy consumed 
from the groundwater was 33.3 percent; therefore, the maximum possible 
error 1.n the second calculation of the heating mode COP was 28.6 
percent. 
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ESTIMATED COST OF OPERATIONS SAVINGS 
The groundwater heat pump investigated in this study was found 
to be more economical than other conventional air conditioning and 
heating systems. Using an average COP of 2.46 [15] for central air 
conditioning systems compared with the 2.92 obtained for the groundwater 
heat pump would provide a 15.7 percent cost of operations savings during 
the cooling season. 
During the heating season the heat pump was found to provide a 
75.8 percent cost of operations savings over conventional electric 
heating systems (furnace, radiant, baseboard). The heat pump has to 
have a COP of 3.4 to break even economically with a natural gas furnace 
at the present gas and electric price structures in Logan, Utah [5]. 
This study calculated the heating mode COP of the heat pump to be 4.13. 
This value for the COP indicated a 17.7 percent cost of operations 
savings over a natural gas furnace. 
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DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 
Discussion and Conclusions 
The first objective of this study was to satisfactorily calculate 
the heat gains to and heat losses from a house equipped with a five ton 
groundwater heat pump. This was carried out for a peak cooling period 
and a peak heating period with satisfactory results. A quasi-time 
dependent technique using a steady state method coupled with continu-
ously measured outside and inside temperatures was employed. Consider-
ing the First Law of Thermodynamics analysis on the house in the summer 
cooling period, the calculated values for heat gained by solar radiation 
and internal sources differed from the heat lost by conduction, infil-
• tration, and heat removed by the heat pump by 14.6 percent. This 
difference, while adequate, was not as close as expected. During the 
winter heating period heat lost by conduction and infiltration and heat 
gained by solar radiation, internal sources, and heat added by the heat 
pump differed by only 0.90 percent, which was an excellent correlation. 
While good results were obtained, a better approach would have 
included the time dependent behavior of the house with respect to 
the heat storage characteristics of the house's mass, particularly 
in calculating the summer cooling load. 
Calculations on the heat pump itself using the same First Law 
approach gave a 4.50 percent difference between energy into the heat 
pump, as electricity consumed and heat removed from the air, and energy 
out of the heat pump, as heat added to the groundwater and culinary 
water, during the cooling period. For the cooling mode the heat pump 
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had an average COP of 2.92. During the heating period, energy in, as 
electricity consumed and heat removed from the groundwater, and energy 
out, as heat added to the air and the culinary water, differed by only 
3.3 percent. For the heating mode, the heat pump's average COP was 
4.13. In all respects this study achieved better correlations on the 
above mentioned calculations either from the First Law perspective or 
compared with manufacturers predictions than did Hagen's [11] earlier 
study. Hagen reported a heating mode COP of 2.8; this study claims a 
heating mode COP of 4.13. This discrepancy is likely due to three major 
differences in the respective studies. First, Hagen had a large error 
(23 percent) for the total heat pump on-time; this study had only a 2.81 
percent error for the total on-time during the heating mode test period. 
Second, Hagen did not separate the electrical consumption of the water 
heater's primary resistance coil from the rest of the heat pump; Hagen 
estimated this value and subtracted it from the total. The instrumenta-
tion for this study measured only the electrical consumption of the heat 
pump components yielding a more accurate value. Third, Hagen examined a 
period of very low use; here a peak use heating period is investigated 
so transient effects of the heat pump cycling are not as large. 
Economically this study indicates that the groundwater heat 
pump's performance is superior to other conventional forms of air 
conditioning and heating in the Logan area. The groundwater heat pump 
provided a 15.7 percent savings over standard central air conditioning 
systems and 75.8 and 17.7 percent savings for electrical resistance and 
natural gas heating systems, respectively. 
Recommendations 
Several improvements in the design of the heat pump system and 
the home owner's use of the system are recommended. 
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First, the supplementary electrical resistance coils in the 
culinary hot water system maintain the water temperature in the main 
tank at the thermostat setting whenever the heat pump is not operating. 
Therefore, when the heat pump turns on, the culinary water being circu-
lated through the heat pump enters at high temperature. This allows the 
heat pump to raise that temperature by only a few degrees, lowering the 
potential efficiency of the system. If a larger secondary tank were 
added to the culinary water system on the cold water side of the main 
tank and the water circulated by the heat pump were taken from the 
secondary tank at a low temperature, a significant temperature raise 
could be expected. The electrical resistance coils would then be 
needed only to raise the temperature of the water entering the main tank 
from the secondary tank by a few degrees, thereby cutting down on total 
electrical consumption. 
Another possible suggestion during high usage periods of the 
heat pump would be to gear the household hot water use to the regular 
heat pump on times. During peak use periods in both the summer and 
winter the heat pump produces adequate hot water without the supple-
mentary resistance heating. This suggestion has been tried successfully 
by the home owner and his family on occasions but was not used while the 
tests were conducted. 
During the summer cooling season in an area such as Logan, energy 
consumption can be reduced by taking advantage of the cool outside air 
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temperatures at night and in the morning. By opening the windows in the 
lower and upper levels of a house a chimney effect provides good natural 
ventilation. These windows should, however, be closed whenever the heat 
pump is operating or when the outside air temperature exceeds the indoor 
design temperatures. Because it was inconvenient to close the upper 
windows in the home tested were left open all through the season. While 
the overall effect was to decrease the heat gain to the house, this 
effect would be increased if the windows were closed at the appropriate 
times. 
It was noted earlier that the calculated air flow rate was signifi-
cantly lower than the manufacturer's specification. Therefore, the 
condition of the fan, fan belt, and pulleys should be checked for wear 
and to see if adjustments were made by the heat pump distributor to 
compensate for high altitude use. 
Any future investigators would be advised to employ a more advanced 
time dependent teChnique, such as the transfer function method. D.e-
veloping a computer program for such a method and calculating cooling 
and heating loads rather than instantaneous heat gains and losses would 
give more dependable results. 
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Appendix A 
Solar Heat Gain Through Fenestrations 
As shown in Figure 10. when solar radiation strikes a glass 
surface only a portion of the incident energy contributes to the 
heat gain to the interior space. An energy balance on the glass 
sheet in Figure 10 yields. 
(30) 
where qR is the energy reflected. qS is the energy stored in the 
glass. qT is the energy transmitted through the glass to the interior 
space. and qAo and qAi are the fractions of the absorbed energy that 
flow outward and inward. respectively. from the glass by radiation and 
convect ion. In general, qs is very small in magnitude and may be 
neglected. The solar heat gain is the sum of the transmitted radiation 
and the portion of the absorbed radiation that flows inward. Thus. 
The instantaneous heat gain to an interior space due to solar 
radiation incident upon a glass surface can be expressed as 
q = (A) (SC) (SHGF) (32) 
where SC 1S the shading coefficient and SHGF is the solar heat gain 
factor. Values for SC are tabulated in the ASHRAE Handbook for several 
different types of glass. The solar heat gain factor SHGF is calcu-
lated using the equation, 
Figure 10. Distribution of solar radiation on a glass surface. 
5 
SHGF = ID L 
j=o 
+ Nt 
5 
t
J
. cosja + 2 Id L 
j=o 
5 
t.! (j + 2) 
J 
5 [~ cosje a/(j + 2)J L aj + 2 Id L j=o j=o 
where ID is the direct radiation intensity, Id is the diffuse 
(33) 
radiation intensity and tj and aj are transmittance and absorptance 
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coefficients for the glass, respectively. The angle e is the angle of 
incidence for the glass surface, and Nt is the heat transfer factor or 
inward flow fraction defined by 
h. 
~ 
h. + h 
~ 0 
(34) 
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For winter conditions, Nt is approximately 0.1968; for summer, N£ ~s 
approximately 0.276. 
The direct radiation intensity ~s given by 
(35) 
where IGL and Idh are the global or total and the diffuse insolation 
on a horizontal surface. 
cose :: sine sinL cosS - sine cosL sinS cosY 
+ cos 15 cosL cosS cosH 
+ cos 15 sinL sinS cosy cosH 
+ cos 15 sinS siny sinH (36) 
",-
where 15 is the declination, L is the latitude, H is the hour angle, 
y is the surface-solar azimuth, S ~s the tilt angle of the surface 
measured from the horizontal, and S is the solar altitude which is 
calculated from the equation 
sinS :: cosL cose cosH + sinL sine (37) 
The total diffuse radiation intensity for a surface ~s 
(38) 
where Y is the ratio of the diffuse radiation on a tilted surface 
to that on a horizontal surface and is given as follows: 
if cose > -0.2, Y 
, 2 
0.55 + 0.437 cose + 0.313 cos e (39) 
otherwise, 
Y = 0.45 
A complete treatment of all of the above parameters can be found 
in Reference 3, Chapter 26, and in Reference 9, Chapter 2. 
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Appendix B 
House Construction Data 
Upper floors 
Total area: 1800 sq. ft. 
Lower floors 
Total area: 1175 sq. ft. 
Exterior frame walls 
Construction: 1/2 in. sheetrock 
Roof 
2 x 6 in. studs on 16 in. centers 
6 Ln. fiberglass insulation 
1/2 in. plywood 
1 in. cedar siding 
Type: vaulted ceiling 
Construction: 1/2 in. sheetrock 
Slope: 4/12 
2 x 12 in. beams on 16 in. centers 
12 in. fiberglass insulation 
5/8 in. plywood 
cedar shingles 
Basement walls below grade 
Construction: 1/2 in. sheetrock 
2 x 4 in. studs (laid flat) on 24 Ln. centers 
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1 ~n. foam insulation 
8 ~n. concrete 
Perimeter: 178 ft. 
Basement walls above grade 
Construction: 1/2 in. sheetrock 
Basement floor 
2 x 6 in. studs on 16 in. centers 
6 ~n. fiberglass insulation 
1/2 in. plywood 
1 in. cedar siding 
Construction: 4 in. concrete 
tile or carpet floor 
• 
Floor over garage 
Construction: 3/8 in. particle board 
5/8 in. plywood 
2 x 8 in. joists on 16 in. centers 
8 ~n. fiberglass insulation 
1/2 in. sheetrock 
·Wall between house and garage 
Construction: 1/2 ~n. sheetrock 
2 x 6 in. studs on 16 in. centers 
6 in. fiberglass insulation 
1/2 in. sheetrock 
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Exterior doors 
No. Construction Area (sq. ft.) 
1 1-3/4 in. solid hardwood 20.0 
2 1-3/4 l.n. solid hardwood 17 .8 
3 1-3/4 l.n. solid hardwood 17 .8 
Note: Door No. 3 is entrance from house to garage. The above list 
excludes sliding glass doors, which are listed under fenestra-
tions. 
Fenestrations 
Group Surface Azimuth (degs.) Area (sq. ft.) 
Unshaded Shaded 
1 -150 30.34 5.32 
2 - 60 24.59 12.29 
3 - 15 51.56 
4 + 30 102.24 28.35 
5 + 75 45.58 
+120 64.40 6 12.44 
Note: All fenestrations are double pane having a transmissivity and 
absorptivity of 0.71 and 0.05, respectively. SC = 0.88 for 
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all fenestrations except those having blinds for which SC = 0.57. 
The above list is grouped according to surface azimuth, west of 
south being negative and east of south being positive. Groups 
3 and 4 include one sliding glass door. 
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Figure 11. Plot plan of test house showing window areas. 
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Figure 12. Photograph of test house. 
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Appendix C 
Solar Insolation for the Cooling Test Period 
Table 7. a Solar insolation for the cooling test period. 
Time of Oay, Hour 
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Oate 10ay 6:00 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 
08/09 GL 
OF 
1.222 7.814 18.87 29.02 35.13 39.33 40.50 40.56 37.53 31.57 25.41 16.90 7.761 .7442 
1.245 3.736 2.781 2.574 2.781 2.864 3.570 3.238 3.238 3.28():, 2.947 2.491 2.034 .7058 
GL 4.518 15.52 25.35 32.42 37.47 40.56 41.46 39.33 35.08 29.13 21.26 12.54 3.880 
OF 2.864 3.238 2.491 2.657 2.823 2.906 3.446 3.280 3.280 3.114 2.698 2.283 1.577 
08/10 GL 
OF 
1.116 12.06 21.31 29.39 35.67 39.81 41.99 41.14 38.00 32.79 25.14 16.58 7.601 .2658 
.9549 2.574 2.906 3.238 3.446 3.280 3.321 3.570 3.695 3.529 3.238 2.864 2.491 .4567 
GL 7.655 16.90 25.35 32.85 38.00 41.25 41.94 39.87 35.45 29.23 20.89 12.70 3.827 
OF 1.951 2.740 3.238 3.238 3.404 3.238 3.446 3.695 3.653 3.321 3.072 3.030 1.702 
08/11 GL 
OF 
.9568 12.33 21.79 29.71 35.98 40.24 42.04 41.25 38.11 32.53 25.25 16.79 7.495 .4784 
.8304 2.657 2.740 2.657 2.740 2.615, 2.615 2.698 2.574 2.615 2.408 2.076 1.785 .5397 
GL 7.761 17.17 25.94 33.17 38.43 41.46 42.04 39.92 35.67 29.02 21.37 12.17 3.455 
OF 1.992 2.781 2.574 '2.740 2.657 2.615 2.615 2.657 2.574 2.532' 2.159 1.992 1.328 
08/12 GL 
OF 
GL 
OF 
08/13 GL 
OF 
.8505 4.997 7.176 11.69 10.68 6.963 9.037 14.08 10.47 25.94 25.03 16.16 7.176 .3721 
.8304 3.238 5.023 8.511 8.511 6.186 8.594 12.37 8.719 10.87 2.615 2.325 1.868 .3397 
1.435 3.721 12.86 7.601 8.399 7.336 12.86 17.22 9.356 30.30 20.62 11.58 3.136 
1.370 3.404 6.933 6.975 7.930 6.933 11.08 13.49 8.677 7.764 2.449 2.159 1.370 
1.382 11.85 20.99 28.70 33.80 35.19 40.18 40.34 37.10 31.78 24.02 14.61 4.784 .7442 
1.370 2.449 2.449 2.989 5.522 10.67 5.023 3.197 3.072 2.989 2.947 3.321 3.944 .9964 
GL 7.708 16.26 24.98 32.32 37.69 35.40 40.93 39.07 34.76 28.01 19.45 7.814 3.455 
OF 2.200 2.366 2.740 3.487 7.971 11.21 3.280 3.155 3.030 3.072 2.947 5.688 2.574 
08/14 GL 
OF 
1.647 11.53 5.688 28.86 34.02 38.06 39.44 35.77 38.32 31.94 16.85 2.764 1.966 .3189 
1.536 2.657 3.695 3.612 3.321 3.529 4.608 8.553 6.020 4.110 10.38 2.823 1.95~ .3736 
GL 5.422 13.71 21.26 31.41 36.41 39.28 '39.87 38.64 34.97 29.34 5.050 3.880 1.010 
OF 2.034 2.366 3.902 3.363 3.363 3.944 4.068 5.978 4.068 8.220 5.065 3.570 1.162 
08/15 GL 
OF, 
1.275 9.568 14.19 25.94 34.28 39.76 5.581 2.392' 4.252 11.00 9.515 7.070 1.966 
1.287 5.065 7.971 6.394 6.601 8.220 3.819 2.117 3.861 9.757 8.760 6.684 1.868 
GL 3.242 9.090 15.04 30.99 33.06 39.44 3.7,21 1.594 7.655 11.53 7.655 6.113 
OF 2.242 5.314 9.425 6.601 9.757 10.58 4.152 1.494 6.809 10.38 7.182 5.522 .2491 
08/16 GL 
DF 
GL 
OF 
08i17 GL 
OF 
1.860 4~731 9.675 20.89 30.56 41.99 39.76 36.57 32.95 12.97 13.29 3.189 
1.743 4.442 8.719 14.69 14.11 5.314 5.439 6.975 7.307 7.058 6.560 2.449 
.6379 5.953: 5.156 14.19 39.49 34.07 41.46 22.16 35.13 25.30 15.09 9.515 1.701 
.7058- 5.106, 4.733 12.70 17.23 9.217 5.314 6.643 6.435 7.349 6.228 4.235 1.328 
.5847 10.41 lQ.61 28.01 27.90 39.12 40.13 40.34 19.40 36.62 24.18 15.25 6.432 
.6228 2.283 2.947 4.110 5.480 5.19 3.944 5.937 7.349 9.881 3.570 2.864 2.408 
GL 6.113 15.15 23.86 29.39 34.28 40~40 41.09 37.79 22.69 32.64 19.66 11.00 2.976 
OF 1.577 2.574 3.487 5.19 4.525 4.608 5.19 3.778 8.553 7.930 3.030 2.906 1.743 
08/18 GL 
OF 
08/19' ~ 
01"", 
1~010 7~389 12.27 16.05 9.356 38.22 42.26 36.14 30.56 32.00 13.07 1~.06 2.764 
1.038-- 4.401 7.016 9.798 8.096 6.933 7.182 8.096 6.311 6.103 7.182 3.736 2.574 
5,900il7'~1l 2r,OY 9.1H- 27.80 41.25 40.88 39.60 36.25 19.56 19.13 2.,870 1.275 
3',155- 6 .. 767' 11.04, 8.220 11.33 4.216, 8.470 4.899 4.525 6.933' 4.857 2.532 1.328 
3._189- 7~814 17.43 21.42 28.54 21'.64 13.34 9.303 24.18 20.51 14.72 4'.199 
.1245 2.989- 1.182 13.95 15.98- 16.77 15.69 11.87 8.594 16.48 7.390 3.197 2.117 
GL 10.329'4.465- 12.86' 17~59 28~44 24.24 17.43 22.06 14.30 26.42 17;01 10.73 1.754· 
OF" 'l.4U 4.235 11.08.· 14.49- 14.86 14.40 12.78 16.77 12.95 14.94 4.359 2.366 1.245 
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Table 7. Continued. 
Time of DaYJ Hour 
Date IDay- 6:00 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2':00 3:00 4:00 5:00 6:00 7:00 8:00 
08/20 GL 
OF 
.3721 10.31 19.72 27.64 34.07 38.38 39.60 39.33 36.52 30.88 23.86 15.36 5.900 1.860 
.4-567 1~743 2.117 2.408 2.532 2.864 2.947 2.906 2.698 2.532 2.283 2.034- 1.204 
--------------_._-------------------------------------------------------------
GL 5.900 15.36 23.86 30.88 36.52 39.33 39. n 38.38 34.07 27.64 19.72 10.10 2.923 
OF 1.204 2.034 2.283 2.532 2.698 2.906 2.947 2.864 2.532 2.408 2.117 1.743 .4567 
08/21 GL 
OF 
GL 
OF 
0812fGL 
OF 
1.329 10.57 19.82 28.06 34 •. 92 39.49 41.62 40.82 37.37 31.36 23.76 15.04 5.847 .2658 
.8304 2.366 2.698 2.864 2.989 3.072 3.155 3.072 2.947 2.864 2.698 2.532 1.577 
6.166 15.20 23.92 31.73 37.47 40.88 41.62 39.49 34.55 27.85 19.66 10.25 1.966 
1.536 2.532 2.781 2.947 3.030 3.114 3.155 2.989 2.906 2.781 2.698 2.366 .8304 
1.063 9.834 20.30 22.64 19.08 39.60 34.23 24.13 36.94 29.13 24.18 15.62 4.837 
0.83 2.3 2.7 2.7 2.99 3.07 3.16 3.11 3.0 2.9 2.7 2.53 1.57 
GL 5.900 12.86 26.26 29.55 38.80 34.50 32.90 36.89 28.70 26.63 19.82 10.10 1.222 
OF 1.5 2.5 2.8 2.9 3.03 1.12 3.16 3.07 2.98 2.8 2.7 2.34 0.83 
08/23 GL 
OF 
1.275 9.834 18.76 21.42 30.67 39.39 41.57 41.03 37.42 31.63 23.92 14.67 6.113 
.8304 2.283 2.698 3.861 3.363 3.072 3.155 3.114 3.030 2.947 2.781 2.532 1.702 
GL .3189 5.900 14.35 22.91 16.53 37.31 40.77 41.73 39.60 34.76 27.85 19.56 10.15 1.435 
OF 1.619 2.532 2;781 8.926 3.030 3.114 3.155 3.072 1.989 2.864 2.698 2.325 .9549 
08/24 GL 
OF 
1.169 14.72 23.33 31.04 36.78 40.29 41.25 39.65 35.35 27.80 19.45 10.47 1.860 
.7058 2.408 2.657 2.823 2.947 3.030 3.072 2.989 2.947 2.864 2.657 1.826 .9549 
GL .3189 10~10 19.19 27.32 34.07 38~80 41.03 40.88 .37.79 31.8~ 23.65 15.04 5.634 
OF 1.743 2.574 2;740 2.906 2.989 3.072 3.030 2.989 2.906 2.781 2.449 1.328 
08/25 GL 1.647 7.176 4.146 5.634 4.146 7.282 6.538 7.920 5.581 8.186 2.392 2.817 1.116 .2658 
OF 1.121 7.099 4.11Q 5.605 4.152 7.307 6.518 7.847 5.563 8.096 2.408 2.823 1.079 .2491 
GL .3189 3.827 6.804 5.262 5.634 4.943 7.282 7.867 5.688 11.85 7.442 1.754 2.126 1.116 
OF 3.778 6.767 5.273 5.646 4.940 7.224 7.847 5.688 11.12 7.390 1.743 2.117 1.038 
08/26· GL. 
. OF-
1.169 9.940. 20.83 28.01 33.91 33.43 30.30 39.60 23.65 28.70 23.92 14.35 5.634 
. .747].· 1.743 3~.73" 3.481 2.989 5.231 8.345 3.238 12.49 4.401 2.906 2.740 1.494 
GL .• 3189' 5.581 14.88 24.13 30.40 31.09 23.28 40.02 34.55 31.94 22.32 18.60 10.41 1.701 
OF 1.287 2.366· 3.5702.9474.235 12.91 3.197 5.19 4.1934.774 2.823 1.868 .8719 
08/27 GL 
OF' 
1.116 6.645 19'.13 18.18. 32.42 33.01 33.01 30.08 34.28 28.12 23.44 14.08 2.392 
.7058, 2.740,.3 • .114 6.269 3.404 4.774 6.684 10.87 5.023 4.608 2.947 3.114 1.287 
. GL .2658' .. 4.305' 10.,10,' 20.20. 29.23 28.75 22.85 30.88 33.01 32.16 23.12 14.93 8.080 1.169 
OF' . 1.743' .3~529'·.' 3-3633.363· 5.023. 12.49 10.42' 5.854 4.899 4.442 4.359 2.491 .8719 
OS/2aGL. 
011' 
GL .. 
OF' 
08/29bGL 
OF',' 
1.063' 8.133 9;,621 24.24 27~69 17.06 21.84 22.96 18.92 13.87 13.44 9.143 2.711 
, .• 6643 •• 3' .. 944 7.432, 5.439 9.383 15.86 16.69 14.73 11.83 12.91 11.41 6.020 2.491 
--~-,---------------------------------------------------
4.731 i3.34 18.65 22~38 29.82 20.25 24.50 14.24 14.40 18.12 12.27 7.601 .7974 
'2.698'.3.280 6.186· 8.926 8.719 16.81 13.36· 13.74 13.32 10.17 7.058 3.529 .6228 
.9037 7;176 11.74 14.99 18.97 24.24 20.67 27 •. 69 19.40 19.19 11.74 7.814 3.455 
..• 705&< 3.695. 6.020' 7 •. 930 11.04 15.69 18.80 14.7 11.8 10.2 9.3 5.1 1.5. 
· .. GLe,.·.·." .. · 3';;.455" 8-.399'·18'd2· 19.50 22.96 22'.38 25.03 25.41 22.27 12.21' 8.027 4.624 1.010' 
. 0F"·.··L.868,.·. 5.023:. 6.103 10.42 14.8& 16' • .73 17.10 13.7 11.8 ll.~ 7.8' 3.5 0,62. 
08/30.: ·GL .. 
DE? 
·<r.Ol(Y.7'.123 12.06 12.43 20 • .7321'.05 36.25 7..229 11.53 21.95 16.00 4.943 .4252 
. ··,'i.8304.. 3.736-- 5.605 8.096· 8.013 10.17 6.684· 6.5609.300 7 •. 681 6.933 5.106 .4152. 
. ~ 
. '. ~ 
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Table 7. Continued. 
Time of Day, Hour 
Dace IDay 6:00 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 
08/31 GL 
DF 
GL 
DF 
09/01 GL 
DF 
.7442 1.966 9.409 19.50 33.65 39.07 40.50 23.07 36.94 31.63 23.23 14.56 5.103 
.4982 1.743 3.944 3.861 3.280 3.072 3.114 10.42 3.072 2.947 2.781 2.574 1.453 
1.063 4.359 16.05 30.77 36.25 40.93 30.93 34.23 34.60 27.37 18.92 9.887 1.329 
.9964 3.902 4.027 3.529 3.072 3.155 6.269 5.854 2.989 2.864 2.698 2.366 .8304 
2.320 11.76 21.04 28.26 33.85 37.65 38.28 37.02 32.48 26.73 18.72 7.647 .5274 
.4942 1.359 1.729 2.347 2.265 2.100 2.883 2.389 2.389 1.894 1.771 1.935 .5354 
GL 7.067 16.56 24.68 31.11 36.02 38.65 37.97 34.91 29.58 22.88 14.02 4.060 
DF 1.112 1.482 1.894 2.553 2.059 2.265 2.759 2.594 2.183 1.812 1.812 1.400 
7.067 16.66 17.82 22.46 25.68 22.67 38.02 35.23 29.53 22.25 7.541 3.639 
DF 1.070 1.812 2.7 2.9 3.0 3.4 2.265 2.224 2.306 2.224 4.201 2.347 
____ __ ______ _____ __ _ _______ ~~ __ ~M~~~---
GL 2.320 12.07 16.34 20.41 24.20 26.73 32.90 37.02 32.69 26.10 18.08 6.117 .7911 
DF .4530 1.812 2.0 2.8 2.9 3.2 3.748 2.224 2.265 2.265 2.677 4.283 .6590 
09/03 GL 
DF 
8.649 14.66 24.36 31.32 35.75 38.23 37.44 35.33 30.06 23.73 10.02 7.383 .3691 
3.459 5.354 2.636 2.347 2.141 2.183 2.924 2.842 2.265 2.224 3.913 1.812 .1235 
GL 1.634 8.649 10.91 28.11 34.33 37.28 38.55 36.65 34.01 27.42 10.91 8.649 1.634 
DF 1.153 4.489 5.437 2.306 2.883 2.141 2.141 2.924 2.800 2.224 4.160 2.759 1.235 
09/04 GL 
DF 
.6328 7.911 16.98 25.05 31.69 36.39 38.65 38.50 35.33 29.63 21.41 12.81 3.955 
.5354 1.894 2.512 2.677 2.800 2.883 2.965 2.965 2.883 2.759 2.553 1.812 1.194 
GL 3.955 12.55 20.99 28.74 34.33 37.92 38.81 37.18 32.96 25.47 17.24 8.280 .6856 
DF 1.194 2.265 2.594 2.759 2.842 2.924 2.965 2.924 2.800 2.677 2.347 1.506 .5354 
09/05 GL 
. DF 
GL 
DF 
09/06 GL 
DF 
6.750 15.82 24.10 30.74 35.33 37.65 37.28 34.07 28.63 21.51 12.92 3.955 
1.153 1.606 1.935 2.306 2.553 2.718 2.677 2.677 2.553 2.389 2.018 1.318 
2.109 11.18 20.09 27.63 33.27 36.39 37.86 35.96 31.69 25.26 17.45 8.332 .5801 
.4942 1.441 1.771 2.183 2.430 2.636 2.718 2.718 2.594 2.471 2.265 1.771 .5354 
7.436' 15.34 24.62 30.32 30.32 32.38 36.07 33.96 29.00 11.12 10.75 
2.224 2.018 3.789 3.501 8.732 6.590 5.890' 3.995 10.91 7.167 5.354 .1235 
GL 2.004 11.76 20.25 27.79 32.38 37.86 39.34 36.07 27.95 18.66 10.49 2:584 
DF .6590 2.842 2.718 4.201 4.613 9.638 6.260 4.530 6.796 8.855 7.373 2.183 
09/07 GL 
DF 
1.160 4.166 15.92 18.45 14.97 18.24 17.56 10.70 7.805 8.491 5.274 1.582 
1.153 3.542 6.919 8.526 13.46 15.94 15.36 10.13 7.331 7.743 5.107 1.688 
GL .3691 2.953: 11_23 14.60 19.25 18.66 16.13 16.29 8.754 2.320 3.902 7.647 
DF .4530 2.759 4.736 9.803 12.19 15.85 14.37 14.04 8.114 2.389 3,913 5.395 .2883 
aTwo sets. of values are' given for each,hour~ The fustset is for the half-hour preceding the time shown, the second 
setis'for the'half-hour following_ The twovalue,sineachset;arefor diffuse (DF) and total or global (GL) radiation. The 
uni ts for .the solar, radiation aie Langleys/hour = gm-cal/ cm'2 -hr. , . 
bSome values for- the diffuse radiation ht W;:y-;-iis72i. 08/29, and 09/02 are estimated (due to mechanical failure of 
instrumentation) •. Those values which are estimated are given to three or less, digits. of accuracy. 
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Appendix D 
Hourly Temperatures for the Cooling Test Period 
Table 8. Hourly outside ambient air temperatures for the cooling test period. 
t J' .,' , ,I Time of1rily~ Hour I I' , 
~l; l~atelDay I, 1 I 2 I 3 I 4 I 5 I 6J ,7 I 8 I 9 I 10 I 11 I 12 I 13 I 14 I 15 J 16 117 I 18 I 19 j 20 I 21 I 22 I 23 I 24 1 
l:rJ9~iP~(l I 7? I 72 1 7? 1 70 I 71 I 70 1 65 I n I 76 1 80 1 78 I 83 I 88 1 93 I 94 1100 I 97 1102 I 99 I 86 I 75 1 69 1 66 I 63 I 'llo~/I01 '21 §5 I 69 I §§ I 62 1 541 62 I 54 I 66 I 69 170 1 74 I 80 I 86 I 91 1 93 1100 I 99 1 98 I 95 I 83 I 70 I 72 I 68 1 70 1 t~(p,~(P,',!, 3," 199 I 67 1,6,7, 156 I 5,5 I 5,8 152 I· 62 I 67 I 71 I 73 I 77 185 1 92 I 94 1105 1106 1103 I 98 189 I 78 1 70 1 75 I 74 1 
r;;IP~/l? I 4 ,Il.? ,I 70 I 6~ I 66 I 66 1 68 I 64 I 68 I 74 1 n I 75 1 77 I 79 1 90 I 93 I 91 1 98 1105 I 96 1 80 1 75 1 75 I 73 I 69 I 
~i.19§IH' ~ 1 ~9 I 70 I 6~ 166 I 6§ I 95 I 6,0 I 67 I 68 I 76 I 80 1 80 1 85 I 88 1 98 1103 1104 1103 1 93 1 83 I 76 I 76 I 72 1 70 I ~IQQ(H lti I n I !? I n I 68 I 69 193 Ip8 I 70 I 71 1 77 1 82 I 87 I 94 I 95 I 97 1 98 I 99 I 91 I 85 I 77 I 76 I 75 1 74 1 70 1 
i:jQ~IJ§ I 71 {i~1 §7 I 9&1 67 I p§ I 6§ 1 67 I 70 I 70 I 74 1 74 1 76 1 58 1 61 I 61 I 63 1 68 I 65 I 65 1 64 I 60 I 59 1 60 1 57 I 
~i;lg~Il6.18 I 5~ I 59 1 ~! I 58 I 59 I 59 I 59 I 61 I 63 I 94 1 67 1 65 I 71 1 76 1 73 I 80 I 85 1 72 I 72 I 70 I 65 I 61 I 62 1 58 I ~:jq8,/H 1 ~, ," !i§ 'I 58 I 5§ I 52 I 56 I 53 I 56 I 61 I 64 I 65 I 68 I 75 1 78 I 88 1 88 I 90 I 92 I 90 1 85 1 78 1 75 1 77 I 76 I 73 I 
f1 0?1l1:l11Q I 75 I 76 I 7~ I 74, I 73 I 72 1 73 I 74 1 80 I 80 1 80 I 81 1 88 1 89 1 90 I 92 1 76 I 72 I 69 I 67 1 63 I 60 1 59 1 58 I 
~.J081l91 n I 59 I 58 I 51 I 56 I 54 I 52 I 51 I 55 I 58 I 59 1 61 1 60 I 65 1 66 I 65 I 71 1 71 I 70 I 71 I 65 1 57 1 51 I 50 1 48 I 
l~ I g8!?0 I +2 I 48. I 47 I 4§1 47 I 47 I 47 146 1 46 1 46 I 51 I 57 I 64 1 67 I 66 1 67 I 68 1 68 1 75 I 76 I 79 I 82 I 80 1 80 1 75 1 
{loll/211 13 1 ~7 I 63 I 60 I 57 I 51 I 48 I 48 I 63 I 65 I 71 1 68 1 72 I 75 1 87 I ~9 1 88 I 93 1 89 I 81 I 73 1 69 1 66 1 70 I 68 1 
x' " 
.~ 10~/221 14 I p7 1 §8 I 61 1,62 1 57 I 52 I 60 1 68 I 80 I 75 I 80 1 87 1 88 I 91 I 92 I 92 1 95 1 92 I 82 1 76 1 71 1 76 I 72 I 69 I 
,~, I q&/23 I 15 I 6? 1 69 I 68 I 64 I 63 I 65 I 63 1 70 I 73 I 81 I 78 I 80 I 82 1 85 I 89 1 90 1 93 I 94 1 91 I 88 1 88 1 76 1 71 I 62 I 
f 101}1241 l6 170 I 62 I 581 55 I 56 I 54 I 5~ I 62 1 65 I 71 I 80 I 84 1 84 1 89 I 90 1 93 I 95 1 92 1 92 I 76 I 72 I 66 I 70 1 69 I 
r ' ' 
( 1013/251 17 1 68 I 63 I 65 I, 64 '1 62 1 51i I 58 I 65 I 65 1 67 I 69 1 68 I 71 169 I 69 1 69 1 70 1 69 I 68 I 66 1 65 I 62 I .57 1 56 1 
, , .,
{ 198/26 1 18 1 56 1 54 I 54 I 54 I 50 1 52 1 49 I 60 I 61 1 67 I 69 1 74 I 74 I 79 I 139 I '07 I Y4 1 YU I '04 I 74 I 6Y I 65 I 6'0 I 65 1 
f IQ~/?71 191 66 1 65 I 6~ I 1i8 1 71 I 71 I 68 1 72 I 74 I 74 1 80 I 82 I 82 I 87 I 84 1 84 1 90 I 92 I 83 I 74 1 68 1 66 I 60 I 57 I 
, 198/?81 20 I 56 1 55 I 56 I 57 I 59 I 57 I 52 I 60 I 61 I 69 I 71 1 73 I 79 1 87 I 90 I 88 I 93 I 92 I 80 I 74 I 72 1 71 I 69 I 68 1 
r, 108/291 2+ I 67 i 65 1 63 I 59 I 59 1 57 I 53 I 62 I 66 I 69 I 73 I 75 1 82 1 80 1 85 1 88 I 93 I 89 1 77 J 74 1 70 1 65 I 62 I 62 I 
:,. I q~/30 1 22 1 61 I, 62 I 65 I 70 I 66 I 62 I 59 I 61 I 63 I 71 1 73 I 72 I 72 1 74 I 71 I 73 1 75 I 69 I 70 I 59 1 59 I 53 I 49 1 50 I 
f 108(311 23 I 49 I 46 I 47 I 47 I 48 I 48 I 47 1 51 1 59 1 64 I 66 I 67 I 76 1 70 I 80 1 76 1 75 I 69 I 71 I 67 I 57 I 58 I 55 I 56 I 
\ 109/ 011 24 I 54 I 49 I 48 I 50 1 46 I 44 I 42 I 47 1 56 1 58 1 64 I 67 1 74 I 76 I 80 1 82 I 85 I 81 1 79 I 73 I 62 I 63 1 63 I 61 I 
;! 109 /021 25 I 59 I 59 I 57 I 56 I 49 I 50 I 46 I 45 I 57 I 65 1 71 I 79 183 I 85 I 90 1 90 I 93 I 86 1 82 1 72 1 70 I 70 1 65 I 61 I 
I: 199.103 1 2(i 1 5.9 I 60 I 58 I 55 I 56 155 I 56 I 63 I 65 I 69 I 76 I 73 I 77 I 80 I 86 1 86 1 84 I 87 I 79 1 70 I 66 1 67 I 64 I 64 I 
~'IPU041 27 1 61 I 59 I 59 I 52 I 52 I 55 1 51 I 60 I 60 I 65 I 68 I 76 I 79 I 84 1 86 I 89 I 98 I 95 I 90 1 74 I 73 I 73 1 71 I 67 I 
f 199/05 1 28 I 67 I 62 I 6l I 59 1 59 I 54 I 51 1 59 I 63 I 70 I 75 1 80 I 84 1 89 I 95 I 92 1102 1 99 I 90 1 78 I 75 1 75 I 73 1 73 I t IQ~/Qfi I ?9 I 72 I 65 I 58 I 56 I 53 I 54 I 52 I 59 I 65 I 71 1 77 I 76 I 82 1 92 1 94 I 96 I 95 I 92 1 82 I 80 1 79 I 78 1 76 I 73 I 
t 109/07 [ 30 I 72 I 69 I 66 I 66 I 66 I 66 I 65 I 64 I 66 I 65 1 66 I 73 1 74 I 77 I 76 I 75 I 73 I 73 I 72 1 69 I 65 1 63 I 62 I 63 I 0-(Xl 
Table 9. Hourly inside wall temperatures for the cooling test period. 
Time of Day, Hour 
!Date 'Day' 1 2 3, 4 , . 5J.....LLL' 8, 9' 10 11' 12 13, 14 '15 .16 J 17 18, 19 I 20 I 21 , 22 , 2U ~I 
108/09 1 1 I 68 71 67 I 70. I 71 I 71 70 I 71 I 68 \ 67 68 \ 76 70 \ 68 I 72 69 I 73 69 I 72 69 I 71 I 71 I 71 I 71 
108/1012170707017017070701701731676817272169176 69171 70171 72171172170171 
!O~/lll ~ I 71 70 70 I 70 I 70 70 70 I 70 I 71 I 69 74 I 69 72 I 75 I 69 73 I 69 67 I 70 76 I 68 I 70 I 72 I 72 
·.'1 Q§/121 4 I 72 71 71 I 70 I 69 70 69 \ 69 I 71 I 71 71 I 72 72 I 72 I 73 74 I 71 71 I 74 72 I 73 I 73 I 74 I 73 
:: 10?/131 5 I n 72 72 I 71 71 71 70 I 70 I 72 I 74 76 I 74 73 I 79 I 71 71 I 77 75 I 74 77 I 77 I 76 I 75 I 75 
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Heat Transfer and Temperature Graphs for 
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Figure 14. Heat transfer and temperature graphs for cooling, Day 3 and 
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Figure 15. Heat transfer and temperature graphs for cooling, Day 5 and 
Day 6. 
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Figure 16. Heat transfer and temperature graphs for cooling, Day 7 and 
Day 8. 
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Figure 17. Heat transfer and temperature graphs for cooling, Day 9 and 
Day 10. 
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Figure 18. Heat transfer and temperature graphs for cooling, Day 11 and 
Day 12. 
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Figure 19. Heat transfer and temperature graphs for cooling, Day 13 and 
Day 14. 
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Figure 20. Heat transfer and temperature graphs for cooling. Day 15 and 
Day 16. 
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Figure 21. Heat transfer and temperature graphs for cooling, Day 17 and 
Day 18. 
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Figure 22. Heat transfer and temperature graphs for cooling, Day 19 and 
Day 20. 
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Figure 23. Heat transfer and temperature graphs for cooling, Day 21 and 
Day 22. 
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Figure 24. Heat transfer and temperature graphs for cooling, Day 23 and 
Day 24. 
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Figure 25. Heat transfer and temperature graphs for cooling, Day 25 and 
Day 26. 
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Figure 26. Heat transfer and temperature graphs for cooling, Day 27 and 
Day 28. 
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Appendix F 
Solar Insolation for the Heating Test Period 
Table 11. 
Date I Day 
01/14 GL 
DF 
Solar insolation for the heating test period. a 
8:00 9:00 
.6817 
.5323 
10:00 
3.041 
2.948 
11:00 
5.820 
5.733 
Time of Day, Hour 
12:00 
6.240 
6.183 
1:00 2:00 
8.809' 5.978 
8.722 6.019 
3:00 
4.404 
4.422 
4:00 
2.412 
2.416 
5:00 
.8914 
.9009 
88 
6:00 
--------------_._--------------------------------------------------
GL 
DF 
01/15 GL 
DF 
GL 
DF 
01/16 GL 
DF 
Gt 
DF 
01/17 GL 
DF 
GL 
DF 
01/18 GL 
DF 
GL 
DF 
.2622 
.1228 
1.730 
1.597 
.2622 
.6817 
.6142 
.4719 
1.153 
1.023 
.5768 
.5323 
1.573 
1.556 
.6817 
.6961 
2.045 
1.801 
3.513 
3.439 
1.678 
1.597 
2.517 
2.457 
8.967 
5.323 
14.84 
7.985 
4.195-
4.054 
5.820 
5.528 
5.873 
3.849 
8.705 
5.118 
6.240 
6.142 
3.251 
3.153 
4.142 
4.054 
16.57 
5.446 
17.30. 
2.866 
8.023 
7.534 
7.236 
7.043 
9.753 
4.954 
16.78 
8.230 
6.083 
5.978 
4.090 
4.013 
4.037 
3.972 
19.29 
2.907 
20.55 
2.948 
6.240 
6.142 
10.12 
9.868 
18.09 
10.64 
19.08 
12.40 
8.442 
8.353 
4.667 
4.545 
6.135 
6.019 
21.34 
2.989 
21.44 
3.030 
3.828 
3.767 
6.187 
6.060 
12.69 
9.009 
11.69 
9.541 
4.929 
4.954 
5.401 
5.364 
4.142 
4.095 
21.02 
3.112 
19.97 
3.112 
8.967 
8.886 
6.712 
6.592 
16.51 
10.15 
18.24 
6.019 
3.408 
3.398 
3.880 
3.808 
3.461 
3.398 
18.24 
3.112 
15.99 
3.112 
10.27 
9.991 
8.862 
8.640 
17.09 
6.101 
15.15 
5.159 
1.363 
1.392 
3.408 
3.357 
2.622 
2.579 
11.16 
4.668 
3.513 
3.071 
6.817 
6.674 
4.929 
4.873 
12.69 
4 • .422 
9.281 
3.562 
.3146 
.2047 
1.678 
1.638 
.7341 
.6552 
6.292 
4.750 
2.779 
1.515 
4.300 
4.258 
2.464 
2.497 
6.397 
2.538 
2.359 
1.351 
.2622 
.1228 
.3670 
.4095 
.2622 
.1638 
.4195 
.4504 
01/19 GL .4195 .3.356 6.083 10.95 10.27 7.551 4.981 3.828 1.468 .3670. 
DF .3276 3.071 5.733 10.40 9.950 7.330 4.873 3.767 1.351, .2866 
___________ --A.:.. ___________________________________________________________ 
GL .8914 5.034 9.544 10.27 7.970 5.663 4.247 2.307 1.048 
DF .819 4.545 9.172 9.950 7.739 5.569 4.135 2.211 1.023 
01/20 GL 
DF 
Gt 
DF 
01/21 GL 
DF 
Gt 
DF 
01/22. GL 
DF 
GL 
DF 
01/23 GL 
DF 
GL. 
DF 
01/24. GL 
DF~ 
.2622 
.3146 
.1638 
.7341 
.6552 
.3146 
.1638 
.7866 
.6961 
.6292 
.5323 
1 • .311 
1.228 
.6817 
.6142 
2.150 
2.047 
2.569 
2.457 
2.359 
2.170 
3.461 
3.276 
2.097 
1.883 
2 •. 412 
2.211 
3.041 
2.866 
1.415 4.509 
1.351 4.381 
.3670 3.146 
.4095 4.340 
2.779 
2.661 
4.667 
4;504 
3.356 
3.153 
6.659 
6.511 
2.622 
2.416 
5.453. 
5.159 
6.240 
6.183 
7.236 
7~166 
4.824 
5.773 
5.978 
5.773 
6.659 
6.429 
8.390 
8.230 
7.184 
7.084 
9.229 
8.845 
10.06 
9.418 
8.075 
7.944 
9.072 
8.80"" 
5~558 
5.446 
7.131 
6.920 
6.502 
6.306 
7.289 
7.125 
6.135 
5.896 
5.873 
5.610 
9.229 
9.009 
8.337 7.079 
8.149- 6.879 
8~757 
8.476 
9.858 
9.582 
9.229 
9.049 
8.285 
S.108 
9~OI 9· 
8.845 
9.753 
9.500 
8.390 
8.149 
8.075 
7.862 
11.53 
10.89 
9.544 
9.254 
5.611 
5.446 
4.719 
4.586 
5.558 
5.405 
5;611 
5.487 
7.970 
7.698 
5;506 
5.323 
3.933 
3.849 
2.726 
2.661 
3.828 
3.685 
2.779 
2.457 
4.981 
4.873 
4.562 
4.463 
9.334 '4.247 
8.763 4.176 
7.761 2.412 
7.452 2.375 
7.498 3.670 
6.879 3.644 
1.992 
1.924 
.9963 
.9828 
3.041 
2.989 
1.625 
1.597 
3.356 
3.276 
1.730 
1.719 
1.206 
1.187 
2.359 
2.375 
.7866 
.7780 
.3670 
.2457 
.4719 
.4095 
.4195 
.3685 
1.415 
1.515 
.2622. 
.2047 
.6292 
.6552 
------------------------_._----
GL 
'DF 
.9439:: 3.933 
1.22&: 5.241 
4.142 
4.217 
7.131 
7.043 
9.858 
9.5.82 
7.131 
6.920 
2.359 
2.293 
1.992 
1.965 
.7866 
.7780 
Table 11. 
Date IOay 
01/25 GL 
OF 
GL 
OF 
01/26 GL 
OF 
GL 
OF 
01/27 GL 
OF 
GL 
OF 
01/28 GL 
OF 
GL 
OF 
01/29 GL 
OF 
GL 
OF 
01/30 GL 
OF 
GL 
OF 
01/31 GL 
OF 
GL 
OF 
02/01 GL 
OF 
GL 
OF 
02/02 GL 
OF 
GL 
OF 
02/03 GL 
OF 
GL 
OF 
02/04 GL-
OF 
Continued. 
8:00 
.2622 
.1228 
.2622 
.1054 
.0438 
.5801 
.5256 
.0527 
.0527 
9:00 
.6817 
.819 
1.258 
1.310 
.9963 
.9418 
2.517 
2.170 
1.258 
1.269 
2.307 
2.293 
.6292 
.6142 
1.468 
1.515 
.8390 
.9418 
2.412 
2.334 
.3146 
.2866 
1.258 
1.310 
.2622 
.2047 
1.423 
1.357 
2.056 
2.014 
10:00 
7.970 
5.118 
12.84 
6.797 
9.963 
7.698 
11.27 
9.049 
4.090 
4.013 
3.985 
3.972 
2.569 
2.620 
3.041 
3.030 
4.352 
4.095 
6.397 
6.224 
1.520 
1.638 
2.045 
2.170 
.3146 
.3685 
.3670 
.7371 
2.900 
2.847 
4.324 
4.204 
11:00 
16.41 
5.405 
18.87 
3.521 
14.68 
10.76 
16.57 
9.950 
6.397 
6.306 
9.911 
9.213 
6.659 
6.306 
14.21 
10.40 
9.544 
8.968 
16.41 
11.46 
3.985 
4.258 
5.453 
5.896 
.4195 
.9009 
.5768 
1.351 
4.957 
4.861 
5.537 
5.475 
.6856 15.50 22.51 
9.022 .6132 .6.307 
5.010 
2.584. 
.7911 
.7008 
2.900 
1.051 
.4219 
.1752 
4.957 
1.445 
19.6L 
8.103 
5.959 
1.576 
12.92 
2.19 
9.229 
1.927 
24.78 
9.460 
16.98 
5.518 
13.60 
11.82 
17.93 
2.409 
14.87 .19.30 
2.19 4.117 
Time of Day, Hour 
12:00 
21.29 
6.838 
13.05 
12.20 
15.73 
9.459 
17.77 
9.950 
13.42 
11.95 
12.37 
12.16 
12.00 
10.60 
8.495 
8.271 
12.74 
11.42 
12.58 
11.46 
7.289 
7.862 
13.84 
11.54 
1.415 
3.112 
t.520 
3.316 
5.906 
5.825 
10.44 
10.29 
26.84 
9.548 
24.15 
10.77 
14.87 
12.17 
18.66 
13.44 
20.72 
4.423 
24.94 
2.803 
1 :00 
17.25 
14.61 
16.46 
14.37 
17.56 
13.26 
15.94 
13.59 
12.58 
11.62 
11.58 
11.26 
8.914 
8.599 
6.030 
5.896 
19.29 
11.79 
11.69 
10.97 
12.32 
11.87 
9.753 
9.705 
1.573 
3.439 
1.415 
3.235 
10.65 
10.55 
22.73 
6.526 
25.20 
9.504 
25.20 
7.227 
23.52 
11.56 
22.30 
12.13 
26.00 
2.803 
26.26 
2.803 
2:00 
10.33 
10.19 
6.555 
6.511 
17 .04 
14.16 
18.87 
12.77 
10.33 
10.15 
11.32 
10.76 
8.442 
8.149 
3.041 
3.030 
11.16 
10.97 
7.026 
7.002 
5.978 
5.937 
6.030 
5.978 
3:00 
6.607 
6.592 
9.439 
9.295 
13.11 
9.377 
11.16 
9.418 
8.0n 
7.903 
7.866 
7.698 
3.408 
3.439 
1.415 
1.515 
7.708 
7.698 
5.244 
5.241 
6.135 
6.019 
4.404 
4.299 
1.678 6.922 
3.767 ·7.043 
5.453 
5.446 
23.52 
2.803 
20.67 
2.540 
25.31 
5.694 
23.99 
2.803 
23.10 
10.99 
22.78 
10.95 
25.84 
2.803 
24.94 
2.759 
7.026 
7.248 
17,61 
2.452 
14.23 
2.365 
21.99 
2.671 
20.14 
2.452 
24.99 
6.57 
26.73 
5.256 
23.20 
2.671 
21.20 
2.584 
4:00 
7.026 
6.961 
4.824 
4.791 
8.285 
7.944 
5.244 
5.159 
6.555 
6.552 
4.719 
4.627 
1.887 
1.965 
1.206 
1.187 
7.656 
7.575 
3.408 
3.398 
3.461 
3.521 
1.258 
1.310 
6.187 
6.429 
6.869 
7.084 
10.60 
2.233 
6.592 
1.883 
18.03 
2.277 
14.45 
2.146 
26.31 
4.818 
21.30 
4.161 
18.35 
2.452 
14.71 
2.321 
5:00 
4.667 
4.299 
2.254· 
2.334 
1.206 
1.228 
.9439 
.9828 
2.412 
2.416 
1.730 
1.760 
1.468 
1.474 
.3670 
.4095 
2.779 
2.825 
1. 730 
1. 760 
1.678 
1.678 
1.048 
1.105 
5.820 
6.142 
3.513 
3.849 
2.742 
1.138 
.0527 
.3942 
11.18 
2.014 
6.645 
1.795 
15.87 
2.496 
10.33 
2.19 
11.12 
2.146 
6.961 
1.883 
89 
6:00 
.6817 
.7371 
.5244 
.4504 
.5244 
.4914 
.1638 
.4195 
.4504 
.5768 
.5323 
.2622 
.8914 
.9828 
2.215 
.876 
.1054 
.0438 
4.641 
1.620 
.1054 
.0438 
3.164 
1.051 
.1054 
90 
Table 1l. Continued. 
Time of Day, Hour 
Date I Day 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00 5:00 6:00 
02/05 GL 1.582 12.71 17.19 20.46 16.40 17.61 20.77 14.81 11.33 1.898 
DF .6132 2.409 2.934 5.431 8.497 7.446 4.161 4.774 4.38 1.533 
------------------------------------------------------------------------------------
GL .1054 5.643 15.45 19.19 23.78 20.88 26.05 17.50 9.387 9.809 .1582 
DF .0438 1.620 2.671 3.109 3.810 6.876 3.679 4.248 8.059 3.109 .0876 
02/06 GL 1.371 4.852 9.387 12.44 15.98 10.65 15.13 9.915 8.438 1.634 
OF 1.314 4.774 9.285 12.35 15.85 10.55 15.02 9.811 8.365 1.576 
------------------------------------------------------------------------------------------------------------
GL .0527 3.533 8.174 11.28 11.39 11.55 12.71 12.97 14.55 4.113 .2637 
DF 3.460 8.059 11.16 11.30 11.43 12.61 12.87 14.45 4.029 .219 
02/07 GL .5801 3.480 4.271 10.07 11.86 23.25 19.72 12.02 10.23 3.744 
DF .• 5256 3.372 4.204 9.986 12.00 7.008 6.57 10.95 7.008 1.752 
------------------------------------------------------------------------------------------------------------
GL .0527 1.845 5.537 6.328 12.60 16.24 24.78 16.03 11.18 9.756 .3691 
DF 1.795 5.431 6.219 11.43 10.51 3.285 9.504 9.723 3.285 .219 
02/08 GL 2.478 7.172 12.49 11.44 21.83 24.94 20.09 23.10 10.38 2.478 
DF 2.365 3.679 5.650 9.198 9.022 8.234 10.24 4.117 2.803 1.051 
--------------------------------------------------------------------------------------------------------------
GL .3691 6.908 9.124 12.07 18.08 23.36 20.99 21.88 17.24 6.645 .2637 
OF .3066 4.117 4.818 7.621 9.110 8.979 9.022 6.132 3.066 1.839 .1314 
02/09 GL .5274 3.586 9.229 12.02 8.543 10.70 2.953 3.164 6.592 2.162 
OF .4818 3.504 9.154 11.91 8.453 10.59 2.890 3.109 6.482 2.102 
--------------------------------------------------------------------------------------------------------------
GL .0527 1.898 6.592 13.02 8.385 9.862 6.803 3.058 4.904 4.799 .2637 
DF 1.839 6.526 12.92 8.278 9.767 6.701 2.978 4.818 4.730 .219 
02/10 GL 1.687 9.282 19.61 25.84· 28.69 28.47 26.21 20.88 13.50 4.957 
OF .6132 1.839 2.584 2.847 2.890 2.847 2.803 2.628 2.102 1.445 
---------------------------------------------------------------------------------------------------------------
GL .1582 4.219 14.92 23.36 27.74 28.84 27.79 23.73 17.40 9.229 .8965 
DF .0438 1.357 2.321 2.759 2.890 2.890 2.847 2.759 2.365 1.839 .3504 
02/11 GL 2.426 9.282 14.29 16.98 20.72 14.08 11.86 7.858 2.531 .8438 
DF 2.19 2.277 4.993 7.577 7.008 10.07 8.76 8.059 2.233 .7446 
------------------------ ------------------------------------------------------------------------
GL .3691 7.278 12.49 16.56 25.57 17.77 11. 91 16.92 4.588 2.004 .1582 
DF .3066 3.723 3.942 6.394 4.423 8.628 10.20 5.475 4.555 1.664 .0876 
02/12 GL 1.318 4.852 9.071 13.65 17.03 18.03 6.592 20.35 12.13 2.637 
DF .4818 2.540 3.153 4.38 5.080 5.650 6.745 3.372 4.117 2.584 
--------------------------------------------------------------------------
GL .1582 3.058 6.645 12.13 15.03 17.82 11.12 12.18 16.08 5.326 .5801 
DF .0438 1.620 2.978 3.898 4.467 5.518 6.044 6.000 3.547 4.38 .5256 
02/13 GL 1.582 12.92 19.61 24.89 28.69 26.58 17.14 12.39 12.76 4.535 
DF .6132 2~233 3.328 4.292 2.934 4.818 6.57 6.57 2.452 1.226 
---------------------------------------------------------------------------
GL .3691 7.172 16.71 21.78 26.58 28.00 20.72 15.08 8.649 8.332 1.318 
DF .1314- 1.883 2.365 4.38 4.029 3.854 6.789 6.482 6.657 1.620 .5256 
aTwo sets of values are given for each hour. The ["lIst set is for the half-hour preceding the time shown, the 
sec~n~ set is for t~ehalf.hour foll0wi?g: The two values in ea:h set are. fo~ diffuse (DF) and total or global (G L) 
radllltion. The umts for the solar radiahonare Langleys/hour -'gm-cal/cm -hr. . 
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Appendix G 
Hourly Temperatures for the Heating Test Period 
Table 12 •. Hourly outside ambient air temperatures for the heating test period • 
. ~----~---------------------I __ ~T~im~e~o~f~D=ay~.~f~to~ur~ _____________________________________ __ 
l IDatelDay I . 1.L .2 L,.1..--1 4 5-L 6 1 7"1 B L 9 10 I 11 L!LL.lLL)4 1 15 U6 I 17 18 I 19 20 I 21 I 22 23 
!~ IOJ/l41 t I ~? 1}8 P 1 17 16 16 I 16 I 16 16 16 1 17 1 20 22 I 23 I 24 I 27 I 27 26 1 24 23 I 21 1 21 21 
t~IOl/.5J ~ I ?l 1 ~Q 21 1 21 21 20 1 21 1 ZO 19 19 I 19 I 21 23 I 26 1 25 I 26 I 26 26 I 26 24 I 22 I 21 21 
~;>;IQlIl~ I. ~ J ?O I?Q gQ I 19 19 19 1 18 1 17 16 19 1 22 I 27 33 1 34 1 35 I 33 I 31 25 I 23 23 I 23 I 25 23 
~"\I(n/171 '4 12~ 12Q 2?123 ?l 22 12~ 124 28 34137139 42 \"40 141 139136 33131 30129131 31 
ri:-dQ~/l~1 5 I ~2 I ~2 3? 1 32 29 29 1 26 I 24 33 32 I 34 I 33 37 1 '40 I 43 I 43 I 44 34 I 32 31 I 30 I 31 31 tf 191n~, '6 ~l I ~O ~O I 29 28 27 I 26 ·126 32 34 I 33 I 32 30 I 29 I 29 I 28 I 28 28 I 28 28 I 28 27 27 
~! 1 Pl/20 1 7 ?7'1 27 29 1 26 25 27 28 1 30 31 32 I 33 I 32 32 I 32 I 32 I 31 I 30 28 I 28 28 I 27 28 27 
A~ IQ~/211 8 27 1 26 27 1 27 26 25 25 I 25 30 31 I 32 33 33 1 34 1 33 1 33 1 33 31 I 31 30 1 30 30 29 
5':-! 01/?21 '. 9 29 I 27 25 26 28 27 24 I 24 26 27 I 30 32 34 I 34 I 33 I 33 1 29 28 I 26 27 I 27 25 24 
't' I Q1I2~ I IO 241 24 23 23 23 24 23 I 24 27 33 I 37 43 37 1 47 I 38 I 36 I 32 30 I 28 24 I 22 20 23 
". 1 Ql/24 1 P 29 1 33 33 34 35 35 34 I 36 40 42 I 43 42 44 I 46 I 42 I 39 1 35 32 32 32 I 31 29 28 
, IQl/2~' 'J2 ?9 129 28 27 26 26 25 122 28 31 1 34 36 36 140 1 39 38 1 35 33 31 130 30 29 29 
I OU2~ P?81 28 26 26 28 26 21 I 29 1 29 31 I 34 32 38 I 38 I 43 40 I 37 34 34 34 33 34 33 
I IPV27 14 31 35 33 31 30 I 32 32 1 32 .36 1 39 I 38 40 40 I 41 I 45 44 1 41 38 32 36 35 35 35 
101/28 15 34. 33 33 34 35 I 33 34 36 37 1 41 I 42 42 43 I 44 45 44 1 41 38 36 37 37 36 35 
101/29 16 37 39 39 39 37 1 32 33 31 39 143 142. 43 45 146 46 ·45 141 38 37 37 36 36 36 
101/30 17 34 33 34 33 33 I 33 34 34 37 1 41 1 44 42 44 1 44 44 40 1 35 30 30 29 29 29 29 
101/31 18 29 29 30 30 30 I 30 29 29 30 1 33 \ 35 39 38 I 38 39 37 I 37 35 31 29 29 28 1 28 
102/01 19 28 27 28 27 27 I 27 27 31 35 I 35 39 36 34 39 40 40 I 36 27 21 18 16 14 16 
102/02 20 13 14 14 14 10 1 7 6 8 16 I 24 23 34 30 34 35 34 I 36 24 18 16 13 11 10 
102/03 21 lO 7 8 6 6.1 7 7 8 12 1 15 20 25 22 25 22 28 I 26 18 13 9 7 7 6 
102/ 04 22 5 5 3 3 4 I 4 3 2 11 I 13 15 20 23 21 28 26 I 29 17 13 10 8 6 5 
102/051 23 5 3 2 2 2 1 2 2 5 10 I 15 17 I 12 20 26 21 25 I 22 18 14 10 10 10 11 
102/06 1 24 lO I II P 15 10 1 10 8 10 17 I 23 32 I 27 I 28 33 32 34 1 31 26 25 22 23 23 23 
102/071 25 22 1 22 23 23 23 I 21 22 23 28 I 34 36 I 33 1 41 34 39 39 I 42 I 32 1 28 24 24 22 19 
102/08 1 26 161 16 14 14 15 1 16 15 22 32 1 36 37 1 40 1 46 43 46 45 I 47 1 36 1 31 28 26 24 24 
102/091 27 21 1 21 21 20 19 I 22 25 28 34 I 45 48 I 46 I 48 42 43 47 I 43 1 42 I 38 35 1 33 31 29 
102/101 28 26 I 25 22 20 I 17 I 14 11 11 15 I 15 13 1 19 1 22 21 24 26 I 26 I 18 I 11 9 I 6 5 3 
102/111 29 5 1 7 "5 5 1 6 I 71 7 10 16 1 18 20 I 25 I 27 32 35 I 32 I 28 1 27 I 26 26 I 26 28 27 
102/121 30 27 1 28 1,29 29 1 30 1 29 1 29 31 38 1 44 44 1 42 I 48 44 45 1 47 1 46 1 41 1 35 I 31 I 31 31 29 
12LI 
I 21 
I 21 
I 22 
I 31 
I 31 
I 27 
I 27 
1 27 
I 24 
I 29 
I 29 
I 28 
I 34 
1 35 I 
1 36 I 
35 I 
29 I 
28 I 
15 I 
101 
4 I 
4 I 
101 
23 I 
17 I 
23 I 
28 I 
3 1 
27 I 
28 I 
Table 13. Hourly inside wall temperatures for the heating test period. 
T I Time of Da~. Hour 
IDate IDa:t I 1 LLL 3..L 4 U U..L,.LLJLL 9 1 10 I 11 12 13 I 14 L15 16 I 17 t 18 Ll9 I 20 1 21 I 22 I 23 I 24 
101/141 1 I 64 I 63 I 62 60 I 61 I 59 1 60 60 I 60 I 63 I 66 68 69 I 70 I 68 67 I 67 67 I 68 I 69 I 67 I 67 I 67 I 69 
191/151 2 1 67 I 66 1 6~ 66 I 65 I 64 I .61 62 I 60 I 65 I 68 66 67 I 67 \ 67 65 I 67 66 I 66 166 I 67 1 66 I 66 \ 67 
101 /161 3 I 68 \ 66 66 66 65 I 64 \ 60 62 I 61 I 68 I 71 74 73 I 71 \ 70 69 I 70 69 \ 68 \ 68 I 69 I 69 I 67 \ 69 
\01/171 4 I (i8 I (i7 (i5 65 66 1 ~O I 60 61 1 63 I (i8 I 68 69 68 I 68 I 68 69 I 68 67 I 68 I 67 \ 66 I 67 I 68 I 68 
101/181 5 I 67 1 66 65 65 64 I 61 61 61 I 60 I 67 69 70 71 I 73 I 75 73 I 72 70 I 68 I 67 \ 67 I 67 I 67 I 66 
101 / 19 1 6 1 65 1 65 6(i ~5 63 I 63 63 64 I 66 I 68 68 69 68 I 67 \ 67 67 I 67 67 I 69 I 68 I 67 \ 66 \ 65 I 60 
101120 I 7 \ 61 1 64 6& 66 65 I 65 66 65 1 65 I 65 66 67 67 I 67 I 66 67 1 67 68 1 67 I 66 I 69 I 70 I 67 I 65 
101/21\ 8 I §? I 66 65 ~4 59 1 60 62 67 1 67 I 71 68 67 67 1 69 I 69 67 I 66 70 1 66 I 69 I 65 1 64 1 66 I 67 
101 / 22 1 9 67 66 66 60 59 1 63 64 70 1 72 I 69 70 70 65 I 70 1 70 65 1 68 70 I 69 I 68 I 65 I 63 1 62 1 65 
101/231 to 67 67 66 I 60 64 I 59 64 68 I 68 I 66 66 63 63 I 65 1 63 64 \ 65 68 1 64 1 74 1 75 1 71 1 74 1 70 
101/241 11 67 66 I 65 1 68 68 1 65 69 68 \ 68 1 71 71 74 73 I 74 I 74 71 I 74 73 I 74 1 74 1 72 1 70 1 73 1 71 
101/25\ 12 67 66 1 65 1 (i4 64 1 63 67 66 I 68 I 72 73 77 73 I 72 I 73 \ 74 I 75 72 I 71 I 75 I 72 I 75 I 75 I 74 
IUl/~b 1 P 70 68 1 67 , 67 66 \ 66 69 70 I 70 \ 73 75 74 70 75 I 72 \ 74 \ 73 71 I 71 I 73 69 I 73 73 I 70 
101 / 27 1 14 73 71 I 68 I 67 66 1 65 66 69 I 69 I 71 70 73 70 70 73 I 72 1 71 70 I 71 \ 70 70 \ 69 70 I 70 
101/281 15 68 67 I 66 1 66 63 64 63 70 I 70 1 69 70 72 71 71 72 72171 71 1 71 1 70 70 I 69 70 I 67 I 
101/291 16 66 6~ 1 65 I 65 64 64 64 69 I 72 1 70 73 71\72 72 71 72171 71 ·1 72 1 73 70 1 70 70 I 70 1 
101/30\ P 68 671 67 I 67 67 65 63 68 I 71 \ 70 79 70 1 71 71 70 71 1 70 68 I 70 1 69 69 1 70 70·1 70 1 
101 / 31 18 I 68 66 I 66 1 66 66 63 62 62 1 62 1 64 68 72 I 70 70 70 70 I 71 69 \ 69 1 68 69 I 69 69 I 68 I 
102/01 19 1 67 67 1 66 1 66 62 62 62 66 1 70 1 71 70 69 1 72 72 71 69 I 68 67 I 66 I 70 70 I 69 69 I 67 I 
102/02 20 1 65 66 I 61 I 61 61 61 66 68 1 67 1 70 72 76 1 73 70 70 69 1 68 67 1 70 1 70 70 1 70 68 I 68 I 
\02/03 21 I 67· 67 I 63 \ 62 61 62 65 68 1 70 I 71 71 70 _I 74 74 69 68 I 73 73 I 71 I 70 70 I 69 70 I 68 I 
102/04 22 1 67 66 I 64 I 61 61 61 64 68 I 69 I 73 I 74 76 1 73 70 68 75 I 74 73 I 71 1 70 71 I 70 70 I 69 I 
102/05 23 I 67 64 1 61 1 61 I 61 61 65 67 I 69 I 71 I 72 71172 72 74 71171 71 I 71 I 69 69 I 69 68 I 68 1 
102/06 24 1 67 66 I 61 1 61 1 61 62 64 67 1 69 1 67 I 68 68 1 70 68 68 69 I 69 68 1 68 I 70 69 I 68 68 I 69 I 
\02/07 25 1 68 67 I 65 1 64 1 64 64 62 I 61 1 62 1 (i3 1 68 I 70 1 70 73 72 70 I 73 68 1 78 1 72 72 1 69 67 1 65 I 
102/08 26 1 65 65 \ 65 1 64 I 63 63 62 1 65 1 70 1 71 1 68 I 70 1 73 73 70 68 I 73 I 79 I 80 I 78 \ 77 I 73 69 I 68 I 
102/09 27 I 66 (i6 1 65 I 65 1 64 66 69 1 69 I 72 1 71 I 71 1 71 1 71 71 70 70 1 71 1 70 I 69 1 70 1 69 I 70 70 1 70 1 
102/10 28 1 70 67 1 66 1 65 I 63 63 66 1 70 1 72 1 71 I 72 I 73 I 72 I 70 69 I 68 I 67 I 73 I 74 I 70 I 71 I 70 69 I 69 I 
102/11 29 \ 68 72 1 70 I 60 1 61 62 63 1 67 1 69 1 71 1 70 1 70 1 72 1 70 71 1 71 I 72 1 72 1 71 I 70 I 71 I 70 J 70 1 70 I 
I.D 
102/12 30 I 67 65 I 64 I 64 I 64 64 I 68 I 69 I 69 I 69 I 69 I 69 I 71 I 73 73 I 71 I 69 I 72 I 71 I 70 I 69~71 ___ 1 69 I 67 I w 
Table 14. outside wall tern eratures for the heating test p,,--e,---r.:...::i_o_d_. __________ _ 
1 Tlme 0 Day, Hour 
;IDat~IDayI11·2 314UJ ....... LLL.UI.9110 11112113 14L!5 16117118\19120L21122 231241 
,:,'16111411II~ll? 171171161161161.l6116 16171 21124303134132\2925\2312112121121\ 
" \ 01/15\ 2 I 2~ I 2Q 21 1 21 I 21 I 20 I 21 \ 20 I 19 19 19 \ 21 I 24 27 28 30\ 30 \ 27 271 24 I 22 I 21 21 21 I 
!\oln6i 3 20,1?o 20119 I~? 119 \18 118117 71 891104 103 97 89 49132 \25 23122 123125 23 22 I 
\a1/PI 4 2l 1)0 221.23 1 21 I 22 \ 23 I 24 1 28 40 39 I 42 46 44 47 42 I 36 33 31 I 30 I 29 I 31 31 31 I 
1011l8\ 5 ~2132 32'1~2\291291241?3135 47 80168 71 87 88 72147 343213113013131311 
101n9 1 Ii ~1 I. 30 30 I ?9 1 28 I 27 1 26 I 26 I 32 38 35 I 33 30 29 29 28 I 28 28 28 I 28 \ 28 I 27 27 27 \ 
101/201 7 271~112Q 26125127130131134 36 36135 3434 33 31130 28 28128128128 2727\. 
101/211 a 27.126 '1 2727 I 26 125 I 25 I 25 I 30' 32 37 I 37 41 39 37 35 I 33 31 31 I 30 I 30 I 30 29 27 I 
101{221 9 261 n I 25 26 I 28 127 I 24 1 24 \ 26 27 37 \ 36 40 40 35 34 I 29 28 26 I 27 \ 26 I 25 24 24 I 
• '. _ J 
. \01/231 19 ,24 I 24 1?3 231 23 I 24 I 23 I 24 I 27 33 37 I 43 37 47 38 36 \ 32 30 28 \ 24 \ 22 I 20 23 29 I 
101/241 1l 29 33 I 33 34 I 35 I 34 134 \ 36 I 40 \ 43 44 I 43 46 I 50 43 I 39 \ 35 32 32 I 32 1 31 I 29 28 29 1 
101/?!i I 12 29 29 I 28 27 I 26 I 26 I 25 I 22 \ 34 1102 115 \ 73 64 \ 47 44 \ 39 \ 35 33 31 1 30 I 30 \29 29 28 1 
\01{261 13 28 28 1 26 26 I 28 I 26 \ 21 \- 20 I 30 \ 74 I 85 \ 70 68 I 67 46 I 41 I 37 34 1 34 I 34 I 33 \ 34 33 34 \ 
101/271 14 ~4 3~ 1 33, 31 \ 30 I 32 I 32 \ 32 I 36 \ 39 62 \ 60 55 I 60 54 I 46 I 41 38 32 I 36 35 I 35 35 35 \ 
\01/281 15 34 33 \ 33 34 \ 35 \ 33 I 34 1 36 \ 37 1 41 70 1 69 61 1 57 I 53 I 46 \ 41 38 36 I 37 37 I 36 35 36 I 
101/291 16 137 39 I 38 39 \ 37 I 32 \ 33 \ 31 \ 53 I 46 73 \ 77 67 I 53 I 51 1 46 \ 41 38 37 \ 37 36 I 36 36 35 \ 
101/30 1 17 I 34 33 I 34 33 \ 33 1 33 -I 34 I 34 \ 37 \ 42 52 I 63 48 \ 59 \ 48 \ 41 1 36 30 30 \ 29 29 I 29 29 29 I 
101/31\1812929\3030\30130 2912913013436149156\69148\421423531129291282827\ 
102/011 19 I 28 27 I 28 \ 27 \ 27 I 27 27 I 31 I 35 I 35 39 I 36 I 34 I 39 \ 40 I 40 I 36 27 21 I 18 16 \ 14 16 15 I 
\02/021 20 \ 13 14 I 14 I 14 I 10 I 7 6 I 8 I 65 \106 102 1122 1115 I 95 I 79 I 68 I 42 25 17 I 14 13 I 11 10 10 I 
102/031 21 1 10 7 I 8 \ 6 I 6 I 7 7 I 8 \ 12 I 15 20 I 25 \ 22 I 25 \ 22 I 28 I 26 18 13 I 9 7 I 7 6 4 I 
102/041'22 1 5 5 I 3 .3 1 4 I 4 3 I 2 \ 15 I 79 88 \108 I 97 I 87 I 75 I 63 I 33 17 13 I 10 8 \ 6 5 I 4 I 
102 /051 23 5 I 3 \ 2 2 I 2 \ 2 2 I 5 1 14 I 76 79 1 58 \ 61 I 75 1 68 I 50 1 24 18 14 1 10 10 1 10 11 \ 10 \ 
.102/0612410111113151101108110118133 40 1491401481 46\41134262512223123231231 
102/071 25 22 t 22 1 23 23 \ 23 \ 21 22 I 23 I 29 \ 38 48 I 68 \103 I 71 I 62 I 55 \ 44 \ 32 28 I 23 24 I 22 18 I 16 I 
102/081 26 16 1 15 I 14 14 I 15 \ 16 15 I 22 I 65 I 50 53 I 82 I 94 I 73 \ 87 I 65 I 50 I 36 31 I 28 I 26 I 24 23 I 22 I 
. 102/091 27 21 1 211 21 20 I 19 1 22 25 1 28 \ 34 1 48 53 I 48 1 51 1 43 1 43 I 47 I 43 1 42 38 I 35 I 33 I 31 29 I 28 \ 
\02/101 28 26 1 25 1 22 20 I 17 \ 14 11 I 11 I 25 I 75 106 1111 \ 97 I 85 \ 75 I 68 \ 38 \ 18 11 I 8 I 6 I 5 I 3 \ 3 I 
102/111 29 5 \ 7 \ 5 5 I 6 1 7 7 \ 10 I 28 1 37 47 I 70 I 49 \ 45 I 47 I 34 I 29 I 27 26 1 26 1 26 1 28 1 27 I 27 1 
• )02/121 30 27 I 28 I 29 29 I 30 I 29 29 I 31 I 38 I 48 60 I 66 I 71 I 63 \ 92 I 77 I 54 I 41 35 I 30 I 28 \ 27 I 26 1 25 I 
Appendix H 
Heat Transfer and Temperature-Graphs 
for the Heating Test Period 
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Figure 28. Heat transfer .and temperature graphs for heating, Day 1 and 
Day 2. 
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Figure 29. Heat transfer and temperature graphs for heating, Day 3 and 
Day 4. 
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Figure 30. Heat transfer and temperature graphs for heating, Day 5 and 
Day 6. 
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Figure 31. Heat transfer and temperature graphs for heating, Day 7 and 
Day 8. 
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Figure 32. Heat transfer and temperature graphs for heating, Day 9 and 
Day 10. 
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Figure 33. Heat transfer and temperature graphs for heating, Day 11 and 
Day 12. 
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Figure 34. Heat transfer and temperature graphs for heating, Day 13 and 
Day 14. 
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Figure 35. Hea:t transfer and temperature graphs for heating, Day 15 and 
Day 16. 
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Figure 36. Heat transfer and temperature graphs for heating, Day 17 and 
Day 18. 
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Figure 37. Heat transfer and temperature graphs for heating, Day 19 and 
Day 20. 
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Figure 38. Heat transfer and temperature graphs for heating, Day 21 and 
Day 22. 
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Figure 39. Heat transfer and temperature graphs for heating, Day 23 and 
Day 24. 
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Figure 40. Heat transfer and temperature graphs for heating, Day 25 and 
Day 26. 
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Figure 41. Heat transfer and temperature graphs for heating, Day 27 and 
Day 28. 
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Figure 42. Heat transfer and temperature graphs for heating, Day 29 and 
Day 30. 
Appendix I 
Groundwater Heat Pump Specifications 
and System Diagram 
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Figure 43. Groundwater heat pump system diagram showing thermocouple 
placement. 
Table 15. Groundwater heat pump specifications. 
MODULE NUMBER" 
RATING 
H EAT I NG (Btu/hr.) 
KW Input 
EER 
COOLING (Btu/hr.) 
KW Input 
EER 
AIR HEAT EXCHANGER 
5 Row, 3/B" tubing, 12 fins 
FACE AREA (sq. ft.) 
CFM @ 0.15 esp_ 
COIL FACE VELOCITY 
SUPPLY COLLAR (air out) 
(inches) w x h 
RETURN COLLAR (air in) 
(inches) w x h 
FILTER SIZE (inches) w x h 
WATER HEAT EXCHANGER 
Co-axial tube in tube 
WATER 
Flow in GPM 
@60°F heating-75°F cooling 
@50°F heating-85 OF cooling 
@40°F heating-95 of cooling 
Pressure drop at maximum 
flow (psi) 
OPTIONAL HOT WATER 
EXCHANGER 
(Will Supply-in GPH) 
@60°F temperature rise 
@100 of temperature rise 
REFRIGERANT Automatic 
Expansion Control 
Type 22.charge in Ihs. 
BLOWER 
SIZE" 
MOTORH.P. 
Voltage. ..-
FLA;· . '---~ . LRAi' · ... £:ic·-;~;-,.:- . ---. 
COMPRESSOR' 
Voltage-20B/230·1·60 unless 
specified 
FLA, 
LRA;· 
MAIN ELECTRICAL CIRCUIT 
Tim&- Delay Fuse (amps) 
SHIPPING:WT: (lbs,)-Vert; 
c··!>,·,;· .. ,······ '" .-.:. -Horiz; 
EC72-01 
72,000 
5.03 
14.3 
60,000 
4.BO, 
12.5 
3.61 
2,200 
. 609 
20x20 
22x28 
22x28 
9.0 
14.0 
18.0 
12.0 
72 
43 
9 
A12·12 
3/4· 
230/1/60 
5~3 
25.1. 
23.0 
115.0' 
50: 
7151 
·760; 
113 
